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ABSTRACT OF THE DISCLOSURE 
This invention relates to a bar printer with double 

width hammers. The printer operates with a plurality of 
different print bars; e.g. a 64 character bar and 48/16 
character bar. The first of these bars contains two com 
plete fonts of 64 characters each. When printing a line 
with this bar, the characters to be printed in the odd 
columns are printed when the bar is swinging left and 
the characters for the even columns are printed when the 
bar Swings right. 
The second of these print bars contains two 48 char 

acter fonts (including numerics). The two bars are the 
Same length and the characters on the bars are the same 
size and are similarly displaced from each other in both 
bars. The second bar contains two extra sets of numeric 
fonts. These extra sets of numeric characters are dis 
placed one column position in relation to the 48 char 
acter font so that when the numerics in the 48 character 
font line up with the even columns on the record the 
numerics in the extra font line up in the odd column 
and vice versa. If only numerics are to be printed, then 
an entire line can be printed in one sweep of the bar 
(either right or left). It should be noted that the second 
bar can still print alpha-numerics and in this mode an 
entire line is printed only after the bar has been moved 
in both directions. In the alpha-numeric mode the extra 
numeric fonts are not used. 

wn-raressessess--- 

This invention relates to an improved form of elec 
tronically controlled high speed printing device employ 
ing a print bar or band carrying type fonts wherein the 
print bar or band moves in a direction traverse to the di 
rection of movement of a print receiving record. It is par 
ticularly applicable to such printing devices which employ 
a plurality of printing hammers, each of which spans 
at least two columns of the record. Although the specifi 
cation that follows describes a printing device employing 
a print bar, it will be understood that certain aspects of 
the description are applicable to print devices employing 
a print band. 
The printing device described herein may be used with 

a plurality of different print bars. A first or standard print 
bar may be used which carries at least two full sets of 
type characters along the length thereof. Each full set of 
type characters, or a font, comprises N character types. 
That is, the full font may comprise twenty-six alpha 
betic characters, ten numerals and additional punctuation 
and symbol characters. On this first print bar the pitch of 
the type and the placement thereof is such that all the 
type, at particular times, either lines up with the odd or 
even columns of the record. That is, the type on the bar is 
positioned so that there is one character space between 
each of the character types. In operation, when this first 
bar is employed, all the characters of the message which 
are to be printed in even columns of the record are printed 
before the characters of the message to be printed in the 
odd columns of the record or vice-versa. It will be appre 
ciated that when a bar is used to carry the type, the bar 
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oscillates and moves across the paper first in one direc 
tion and then the other. When the first bar is used, the 
characters of the message to be printed in the even col 
umns of the record are printed as the bar moves in a first 
direction and the characters to be printed in odd columns 
of the record are printed as the bar moves in a second 
direction. Thus, a complete line of printing requires that 
this first bar traverse its full cycle and move to and fro 
across the record. 
The printing device described in this invention may also 

accommodate other print bars having different fonts. 
When a second bar is used, it must physically replace the 
first print bar just described, although the electronic cir 
cuitry controlling the print device remains substantially 
the same for either bar. The second bar also carries at 
least two fonts. In the particular apparatus described the 
font on the second bar also comprises a plurality of char 
acters although it is not necessary that the font on the 
second bar comprise the same number of characters as 
the font on the first bar. As shall be seen, some of the 
character types within a type set or font on the Second 
bar are repeated so that the total number of different 
characters in the font of the second bar is less than the 
number of characters comprising the font of the first bar. 
The font on the second bar is made up of two portions. 

The first portion of this font may comprise the twenty 
six alphabetic characters, the ten numerals 0-9 and Se 
lected ones of the punctuation and symbol characters of 
the first bar. The punctuation and symbol characters se 
lected for the second bar should be the ones most fre 
quently used in printing. The second portion of the font 
may include the same ten numerals and some of the 
punctuation and symbol characters used in the first por 
tion of the font. On the second bar the pitch of the type 
in the first portion of the font and the placement thereof 
is such that all the type, at particular times, either lines 
up with the odd or even columns of the record. The same 
is true for the character types in the second portion of 
the font. However, the two portions of the font are posi 
tioned on the bar so that when the character types of 
the first portion line up with the even columns of the 
record, the character types of the second portion of the 
font line up with the odd columns of the record and vice 
versa. Accordingly, it may be noted that the character 
types of the second portion of the font are offset with 
regard to the character types in the first portion of the 
font. The type in both portions of the font is again posi 
tioned so that there is one character space between each of 
the type faces. 
When the second or offset bar is used, two modes of 

operation are possible. In a first mode, the repeated set 
of characters comprising the numerals etc. in the second 
or offset portion of the font is not used and the operation 
of the printing device is substantially the same as that 
briefly described in connection with the first bar. That is, 
to print an entire line the bar must go through its com 
plete cycle. When the printer is operated in this first mode, 
with the second bar, the entire alphabet may be printed 
as well as all the numerals and a portion of the punctua 
tion and symbol characters present on the first bar. The 
printing speed using the first bar and the second bar in 
this mode of operation is the Same. 

In the second mode of operation the character types 
from the offset portion of the font are used with the same 
character types (i.e., the numerals and some portion of 
the punctuation and symbol characters) from the first 
portion of the font. In this mode of operation a limited 
set of characters comprising the numerals and punctuation 
marks etc. may be printed each time the bar crosses the 
record. That is, odd and even columns of a line on the 
record are printed as the bar moves in either direction. 
Consequently, in the second mode of operation employing 
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the second bar the rate of printing lines on the record is 
increased by a factor of two. 
When the second or offset bar is used, the choice of 

modes of operation may be determined by the setting of 
a mechanical or electronic switch. The setting of the 
mechanical switch may be controlled by an operator and 
the setting of the electronic switch may be controlled by 
an instruction from a computer. 
The advantages in using the second bar are very sig 

nificant. Further, the ability to change bars (i.e., use 
either the first or the second bar) without significantly 
changing the electronic circuitry controlling the printer is 
also quite significant. It is well known that many printing 
applications involve the printing of limited sets of 
characters such as numeric data. Previous printers have 
allowed for printing such limited sets of characters at 
increased rate only if the mechanism carrying the fonts 
were physically replaced with a special font carrier. To 
print a full set of characters the regular font carrier or 
bar would have to be reinstalled. Consequently, since even 
numeric data has alpha-numeric headings, the capability 
of printing such numeric data could not be practically 
utilized because constant changing of the bar is far too 
time consuming. This invention allows the selection under 
program control of certain sets of characters from the 
second bar. One set is essentially numeric, while the other 
set is alpha-numeric and includes the alphabet, the numeric 
characters and certain punctuation and special symbols. 
Characters from the numeric set are printed twice as 
fast as the characters from the alpha-numeric set. While 
the alpha-numeric set of characters on the second bar is 
usually sufficient for most printing applications, a bar 
having yet a larger font can be substituted in the printer 
of this invention when desired. 

In order that the aforementioned print bars may be 
used for their intended purposes, suitable electronic 
apparatus and techniques must be employed to actuate 
the print hammers associated with the print bars in ac 
cordance with the message to be printed. Such apparatus 
includes a character addressable buffer memory. Each 
location in the memory stores a character of a line of the 
message to be printed. The first location in the buffer 
memory stores the character of the message to be printed 
in the first column of the record and the last location in 
the buffer memory stores the character to be printed in 
the last column of the record. Intermediate locations in 
the buffer memory correspond to intermediate columnar 
positions of the record. Additionally, apparatus is pro 
vided to compare in sequential order the contents of the 
buffer memory with representations of the type characters 
on the print bar. That is, the character stored in the first 
location of the memory to be printed is compared with 
the representation of the character type approaching the 
first column position of the record to have a character 
imprinted thereupon. Then the character in the second 
location in the memory is compared with a representation 
of the character type on the print bar approaching the 
second column of the record to have a character therein 
printed. This process goes on until each character type 
on the print bar is compared with the contents of a 
memory location. If there is agreement between the 
character of the message and the character on the type 
bar approaching a column position on the record where 
the character of the message should be printed, the print 
hammer associated with this column position is fired. 
As the print bar moves, type thereon assumes a new 

relationship with respect to the column positions of the 
record. For every such new relationship, each of the 
representations of the character types on the bar must be 
compared with the contents of a different memory loca 
tion, and print hammers must be fired in accordance with 
this comparison. This printing process goes on until a 
line of the record is printed, i.e., until every character 
in the font on the bar can be lined up for printing in 
every columnar position of the record. Depending on the 
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bar employed and the mode of operation the above re 
quirement is completed when the bar has gone through a 
full cycle of movement or a half of cycle. 

In the embodiment of the invention described herein a 
parallel printing technique is employed; that is, the first 
character of the message is compared against the 
character on the bar approaching the first column of the 
record; a second character of the message is compared 
against the character on the bar approaching the Second 
column of the record to be printed upon and So on, 
wherever agreement is found as these comparisons take 
place a record of the decision is kept. For example, if the 
second, tenth and sixteenth characters of the message 
are the same as the characters on the bar approaching the 
second, tenth and sixteenth columns on the record, deci 
sion storage elements associated with the print hammers 
for the second, tenth and sixteenth columns are actuated. 
In parallel printing one decision storage element is usually 
associated with each printing hammer. After all the 
characters of the message are read out of the buffer 
memory and each one is compared against the character 
from the printing bar, then printing takes place simul 
taneously (or in parallel) at all those column positions 
where agreement was found. Although the parallel print 
ing technique is described this invention is applicable to 
bar printers and the like where the serial technique of 
printing is used; that is, where the decision storage ele 
ments are not employed and the individual print hammers 
are fired as soon as comparison takes place. Such a serial 
printing device is shown and described in copending ap 
plication Ser. No. 548,584 filed by Solomon H. Pitt on 
May 9, 1966. This application issued as U.S. Patent 
3,342,127, on Sept. 19, 1967. 

In the specific embodiment described herein the print 
bar is moved traverse to the direction of the record mo 
tion. The hammer assembly is behind the record consist 
ing of one print hammer, two columns wide for each two 
of the character spaces which may be printed in a line. 
Each print hammer is mounted in a position aligned with 
the interspace between two character spaces of the record 
and its hammer face is of sufficient width to span both of 
the adjacent character spaces. A single print hammer 
actuator is associated with each print hammer and is 
used to cause printing in either of the character spaces 
spanned by the print hammer. Individual character types 
are placed upon the print bar at character Spaces corre 
sponding to alternate character spaces upon the record. 
The print bar has markers or sprockets upon it which 

are used to identify the characters on the print bar and 
their relationship to the record and to provide necessary 
timing pulses. The electronic apparatus controlling the 
printing operation comprises means which are responsive 
to the sprockets for producing coded representations of 
all the character types on the bar in an order related to 
their position with regard to the columns of the record. 
Further, means are provided for scanning a plurality of 
locations in the buffer memory after each sprocket pulse 
is detected. In particular, when the first bar is used all 
the odd numbered locations in the buffer memory are 
sequentially addressed after each sprocket pulse when 
the bar is going in a first direction and all the even loca 
tions in the buffer memory are sequentially addressed 
when the bar is going in a second direction. However, 
when the second bar is used, each time the memory is 
scanned a portion thereof must be scanned in even lo 
cations and a portion must be scanned in odd locations 
because printing may take place in both the odd and even 
columns of the record not withstanding the direction of 
the print bar movement. 
The above described features and advantages of this 

invention will be pointed out in the following description 
and claims, and illustrated in the accompanying draw 
ings which disclose by way of example the principles of 
this invention and means for carrying it out. 

In the drawings: 
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FIGURE 1 illustrates a printing bar and the drive 
mechanism therefor. FIGURE 2 is an illustration of a 
first type of print bar used with the mechanism of FiG 
URE 1 and shows the relationship of the character types 
on the bar, the record and print hammers. 
FIGURES 3a to 3d show details of the first print bar 

as well as various positions of the first print bar in rela 
tion to the record. 
FIGURE 4 is a block diagram of the control apparatus 

responsive to sprockets on the print bar. 
FIGURE 4a is a timing diagram illustrating waveforms 

of pulses produced in response to the sprockets on the 
bar. 
FIGURE 5 is a more detailed block diagram of the 

cyclic counter shown in FIGURE 4. 
FIGURES 6a and 6b taken together as shown in FIG 

URE 6 comprise a block diagram illustrating the inter 
connection of the registers storing the message to be 
printed and the apparatus for controlling the firing of the 
print hammers of FIGURE 2, 
FIGURE 7 is a diagram of the gating matrix used to 

control the elements of FIGURES 6a and 6b when the 
first print bar is employed. 
FIGURE 8 is a diagram of the gating matrix used in 

conjunction with the matrix of FIGURE 7 when the sec 
ond print bar is employed. 
FIGURE 9 shows details of the second print bar; and 
FIGURE 10 is a more detailed block diagram of the 

B decoder of FIGURE 6b. 
Refer now to FIGURES 1 and 2 which illustrate a 

print bar and its associated drive assembly. The print bar 
2 of FIGURE 1 is moved between two pairs of guide 
rollers 10 and 12 to insure its horizontal alignment with 
respect to the record 8. Bar 2 has affixed to its rear Sur 
face a yoke 14 mounted perpendicular to the rear Sur 
face of the bar. The yoke 14 contains a pin 16 which 
is mounted perpendicular to the surface of the yoke 14. 
The drive assembly for the print bar 2 consists of a 

first sprocket 18 driven by a constant speed motor 20. 
A second sprocket 22 is provided and a roller chain 24 
is placed around the periphery of the sprockets 18 and 
22 and driven thereby. The yoke 14 is connected to the 
roller chain 24 by means of the pin 16, which may be 
affixed to the upper surface or to the outside surface of 
the roller chain 24. As a result of the constant speed of 
which motor 20 rotates and the positive connection be 
tween the sprockets 18 and 22 and the roller chain 24, 
the pin 16 is driven at a constant linear speed as it moves 
from sprocket 18 to sprocket 22 and back. As the pin 
16, connected to the roller chain 24, moves from Sprocket 
18 to sprocket 22, the print bar 2 will be moved from left 
to right as shown in FIGURE 1 by the arrow. As the pin 
16 moves with the roller chain 24 from sprocket 22 to 
sprocket 18 the print bar 2 will move from right to left. 

During the period when the connection between the 
roller chain 24 and the print bar 2 at pin 6 moves about 
the end portions of the sprocket circumferences, the bar 
2 will decelerate to zero velocity and begin acceleration 
to the maximum linear velocity in an opposite direction. 
This period may be employed for movement of the 
record and also to provide an indication that the direction 
of the bar movement is about to change. 
FIGURE 2 illustrates a standard print bar and shows 

a plurality of character type mounted upon a surface 6 
of the bar 2. The character type 4 is arranged in a plu 
rality of discrete fonts, that is complete repertoires of 
character type which may include the full alphabet, the 
numerals from 0 to 9, and any of the punctuation and 
special symbols which may be required. There may be 
as many repetitions of the complete font and font por 
tions along the surface 6 of the bar 2 as is desired. The 
number of fonts or font portions on the print bar 2 
should be such that each record character space is ex 
posed to all the characters in a font. Thus, should a single 
font appear on the surface of the bar 2, each character 
on the bar 2 would have to travel the entire distance 
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6 
across the width of the record 3 presented before the bar 
2. By using a number of complete fonts on the surface 
6 on bar 2, the movement of the bar is decreased and is 
equal to the length of one complete font. 

Mounted in line with the character type 4 and behind 
the record 8 are a series of print hammers 30. Each of 
the print hammers 30 has face portions 30a and 30b wide 
enough to span two record character spaces. The centers 
of the print hammers 30 are aligned with the interspace 
between adjacent character spaces such that the print 
hammers 30 can strike character type 4 aligned with either 
of the character spaces. Due to the spacing of the charac 
ter type 4 along the print bar 2, it is not possible for 
the print hammers 30 to strike character type in both 
character spaces simultaneously. Instead, one face 30a of 
the print hammers 30 is used to print in odd character 
spaces on the record 8 when the character type 4 is 
aligned therewith and the bar 2 is moving in a first direc 
tion. The second face 30b of the print hammers 30 is 
employed to print in even character spaces of the record 
8 when the character type 4 is aligned therewith and the 
bar 2 is moving in a second opposite direction. Each 
of the print hammers 30 has an actuator coil 31 associated 
therewith, and operated by the circuit to be described 
with reference to FIGURE 6. 
The character type 4 is placed along the print bar 2 at 

positions corresponding to every other one of the record 
character spaces. The spacing of the individual character 
type 4 along the print bar 2 is uniform and corresponds 
to alternate character spacing on the record. 

In this embodiment it will be assumed that the font 
comprises sixty-four characters and that there are two 
complete fonts on the bars 2. Further, it will be assumed 
that the record 8 may comprise 128 printable columns 
or record Spaces. 
The timing signals which control the operation of the 

printer are produced by the sprockets S1 to S65 on the 
surface 6 (see FIGURES 2 and 3) of the bar 2. The 
Sprockets in the preferred embodiment are magnetized 
Spots. Each character type in the first font on the bar 2 
has one such sprocket associated therewith. In addition, 
the first Sprocket S leads the first character type on the 
bar 2 by two character spaces. The rest of the sprockets 
S2 to S65 are shown in line with their respective character 
types in the first font. Sprockets are not associated with 
the character types in the second font. 
The Sprockets S1 etc. are detected by a pair of in line 

magnetic read heads 34 and 35, which produce respec 
tively the L or left sprocket pulse and the R or right 
Sprocket pulse in response to the sprockets S1 to S65. 
These L and R Sprocket puises are produced when the 
Sprockets pass under the heads 34 and 35. While the 
Sprockets are shown adjacent and in line with the corre 
Sponding character type 4 on the bar 2, the sprockets and 
the magnetic read heads 34 and 35 may be laterally trans 
lated on the bar 2 as desired. 

While magnetic spots are shown for the sprockets, it 
will be readily appreciated by those skilled in the art 
that other sprocket markers, such as light reflecting sur 
faces etc. could be used with appropriate transducers. 

Refer now to FIGURES 3a to 3d which illustrate in 
more detail the first bar 2 as well as the read heads 34 
and 35 and their relationship to the columnar positions of 
the record 8. The read head 34 which produces the L 
Sprocket pulse is in line with column 2 of the record 
8 and the read head 35 which produces the R sprocket 
pulse is three column positions to the left of read head 
34. Head 35 is not adjacent to any part of the record 8. 
The bar 2 is shown as comprising two sets of fonts, 
wherein each font has sixty-four characters from “G) to ?'. 
Also shown are sixty-five sprockets Sí to S65. The 64 
characters in each of the fonts comprises symbol (G), 
letters A through Z, and numeric symbols N A space 
z + $9% & ( ) * - , - . / (b. 1 2 3 4 5 6 789 : ; 
< => 2. Each of these character types is represented 
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by a binary value. The first character in the font (GD) is 
represented by the binary value 000000 (or zero) and 
the last character in the font (?) is represented by the 
binary value 1 11111 (or 63). The intermediate characters 
of the fonts are likewise represented by intermediate bi 
nary values according to their relative order in the fonts; 
i.e., according to their position on the print bar 2. 
FIGURE 3 a shows the bar 2 after it has moved to 

its right most position and has started to move left across 
the record 8. When the bar 2 changes direction, a period 
of time exists when it is not being translated across the 
record 8 and heads 34 and 35 do not produce either 
the L or R sprocket pulse. Control apparatus is provided 
which responds to this condition and produces a turn 
around signal (TA) indicative thereof. It can be seen from 
FIGURE 3 a that as the bar 2 continues to move left the 
first sprocket Si will be detected by head 34 which will 
produce, in response thereto, an L Sprocket pulse. Ad 
ditional control apparatus is provided on FIGURE 4 
which is responsive to the first sprocket pulse (L or R) 
produced after the bar turnaround period to indicate the 
direction of the print bar movement. Accordingly, when 
the bar is moving left, read head 34 products an L 
sprocket pulse in response to sprecket S and sets con 
trol apparatus (see particularly flip-flop 92 on FiGURE 
4) to indicate that the bar 2 is moving left. 
FIGURE 3b illustrates the bar 2 after it has continued 

its leftward travel to a point where the second sprocket 
S2 is detected by head 34. At this time it can be seen 
that all the characters 4 on the bar 2 are in line with 
even column positions of the record 8. Thus, as each 
sprocket S2 etc. is detected by head 34, when the bar 2 
is moving left, character types 4 on the bar 2 may be 
imprinted in even columns of the record 8 by the double 
width hammers shown in FIGURE 2. That is, when 
sprocket S2 is detected the character types (CD, A, 
B . . . D and 2 may be printed in columns 2, 4, 6 . . . 
126, and 128 and when sprocket S3 is detected -the char 
acters A, B, C . . . ? and CD may be printed in columns 
2, 4, 6 . . . 126 and 128. As the bar 2 continues to 
move left, the head 35 senses the sprockets S1, S2 etc. 
However, as shall be seen, sprockets detected by the 
head 35 produce R signals which are not used when the 
print bar 2 is moving left. After sprocket S65 is detected 
the printing operation for characters in even columns on 
the record 8 is ended. 
FIGURE 3c shows the bar 2 after it has moved to 

its left most position and has started to move right across 
the record 8. Again during the dwell time when the bar 
2 changes direction the turnaround signal (TA) will be 
produced. It can be seen from FIGURE 3c as the bar 
continues to move right that sprocket S65 is the first 
one to be detected and it is detected by read head 35 
which produces the R signal. The control apparatus on 
FIGURE 4 which shall later be described in detail re 
sponds to the first sprocket pulse (the R signal) produced 
after the bar turnaround period to indicate the direction 
of the bar movement. Accordingly, when the bar 2 is 
moving right read head 35 produces a signal pulse in 
response to sprocket S65 to set the control apparatus on 
FIGURE 4 which in turn indicates that the bar is moving 
right. 
FIGURE 3d illustrates the print bar after it has con 

tinued its rightward travel to a point where the second 
sprocket S64 is detected by read head 35. At this time 
it can be seen that all the character types (in the sec 
ond font) on the bar 2 are in line with odd columns of 
the record 8. Thus, as each sprocket S64, S63, etc. is 
detected by read head 35, when the bar 2 is moving right 
those character types on the bar 2 may be imprinted 
in odd columns of the record 2. That is, when sprocket 
S64 is detected the characters ?, GD, A. . . . = and > 
may be printed in columns 1, 3, 5 . . . 125 and 127. 
Further, when sprocket S63 is detected the characters 
> 2 (t. . . . < and sci- may be printed in columns 1, 3, 
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8 
5 . . . 125 and 127. As the bar 2 continues to move 
right, the head 34 senses the markers S65, S64 etc. How 
ever, as shall be seen sprockets detected by head 34 are 
not used when the bar 2 is moving right. After sprocket 
S1 is detected the printing operation for characters in odd 
columns on the record is ended. 
The sprockets Si etc. and the signals they produce 

serve a number of functions. First it will be appreciated 
that neither the L or R signals will be produced when 
the bar 2 is changing direction. The absence of the L 
and R sprocket pulses is detected by the apparatus shown 
in FIGURE 4 and this apparatus indicates when the 
print bar 2 is changing direction. Further, as shall be 
seen, each sprocket except the last one to be detected 
when the bar 2 is moving right or left respectively causes 
the contents of the even or odd locations of the buffer 
memory 203 (see FIGURE 6) storing the line of the 
message to be scanned and sequentially compared with 
the representations of character types on the bar 2. 
That is, each sprocket except as noted causes a Scan of 
the buffer memory 200 (FIG. 6). In general the odd 
locations of the memory are scanned for each sprocket 
when the bar 2 moves right and the even locations of 
the memory are scanned for each sprocket when the bar 
2 moves right and the even locations of the memory are 
scanned for each sprocket when the bar 2 is moving left. 

In addition all the sprockets except the first one to be 
detected (i.e., either S or S65) cause the print ham 
mers 30 (FIG. 2) to be selectively fired. 

Refer now to FIGURE 4 which shows the control 
apparatus responsive to the sprocket pulses from heads 
34 and 35 (FIGS. 2 and 3). In this drawing as well as 
the others to follow AND gates are shown as a half moon 
with a dot in the center and OR gates are shown as a 
half moon with a plus (--) in the center. 
The L and R sprocket pulses from read heads 34 and 

35 are applied respectively to the inputs of sprocket 
amplifiers 82 and 80. Each R signal is transmitted through 
amplifier 80 to one input of an OR gate 84 and to one 
input of AND gates 86 and 98. Likewise each L signal 
from read head 34 is transmitted through amplifier 82 
to the other input of OR gate 84 and to one input of 
AND gates 88 and 109. The waveform of the output for 
sprocket amplifiers 80 or 82 is shown in line 1 of FIG 
URE 4a and it can be seen from this figure that the 
Sprocket pulse is of definite width and has a leading and 
trailing edge marked respectively LE and TE. 
The output from either sprocket amplifier 80 or 82 

is transmitted through OR gate 84 to the input of trail 
ing edge detector 94. Trailing edge detector 94 produces 
an output in response to every sprocket detected. This 
output is synchronous with the trailing edge of each 
sprocket pulse. Trailing edge detector 94 is connected 
to the input of resettable delay flop 96. As long as re 
settable delay flop. 96 continually receives the L and R 
sprocket pulses from heads 34 and 35 it will not pro 
duce an output signal. However, when the bar 2 is chang 
ing direction, L and R pulses will not be produced and 
the resettable delay flop 96 recovers and produces the 
output signal referred to above as the turnaround signal 
(TA). The waveform for the turnaround signal is shown 
in line 2 of FIGURE 4a and it can be seen from this 
figure that the turnaround signal (TA) ceases concur 
rently with the trailing edge of the first sprocket detected 
after the print bar 2 has changed direction. 
The TA signal is available during the bar turnaround 

period and is applied to one input of AND gates 104, 
86 and 88 as well as the set input of FS flip-flop 99 and 
the run filip-flop 91. 
The outputs of gates 86 and 88 are connected to the 

set and reset inputs respectively of the bar direction 
flip-flop 92. When bar direction flip-flop 92 has received 
a set input, it produces the BR signal and when it receives 
a reset input it produces the BL signal. The BR and BL 
signals are indicative that the print bar is moving right 
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or left, respectively. The BR and BL signals are applied, 
respectively, to the second inputs of AND gates 98 and 
100 and the output of these two gates are in turn ap 
plied to the two inputs of OR gate 102. The output of 
OR gate 102 is applied to one input of print fire AND 
gate 118 and via trailing edge detector 114 to one input 
of AND gates 108 and 120 as well as to the Set input 
of SS flip-flop 16. When set, the flip-flop 116 produces 
the SS signal. Print fire AND gate 118 also receives at 
its inputs the FS output of flip-flop 90 and the print 
signal from flip-flop .06. Flip-flops 90 and 116 are reset 
by the FS30 function signal (see FIG. 7) and produce 
when reset the FS and SS signals respectively. 
The turnaround signal (TA) from resettable delay flop 

96 controls AND gate 104 which receives the print in 
struction signal from a computer (not shown). For 
illustrative purposes the print instruction may be con 
sidered to be generated in response to the closure of an 
electronic switch 158. The output of gate 104 is applied 
to the set input of the print flip-flop 106 which produces 
the print signal. Additionally, the output of gate 104 
may be returned to the computing unit to signal that 
unit that the print operation has commenced and to 
remove the print order signal from the input of gate 104. 

Print fip-flop 106 in response to a set input from gate 
104 produces the print signal which is applied to AND 
gates 108, 18 and 120. The output of AND gate 108 
is applied to the set input of scan flip-flop 112 which 
produces in response thereto the scan signal. The reset 
input of flip-flop 112 is connected to the output of OR 
gate 110 which in turn receives at its input the MAR127, 
MAR128 and MAR129 signals. The MAR127 and 128 
signals are generated when the last odd or last even 
locations in the buffer memory 200 (FIG. 6) is being 
addressed. The MAR 29 signal may be generated when 
the offset print bar is used after the last location in the 
buffer memory 200 is addressed. The MAR signals are 
produced by the memory address register 202 shown 
on FIGURE 6. 
The basic cycle of operation of this printer is con 

trolled by free-running oscillator i48. This oscillator is 
connected to the input of binary counter 150 which tog 
gles and alternately produces the read pulse RD and 
write pulse WR, 180 displaced from each other. The 
write pulse (WR) from binary counter 150 and the scan 
signal from the set output of flip-flop 12 are applied to 
AND gate 142 which in turn is connected at its output 
through trailing edge detector 44 to the input of a four 
stage cyclic counter 46. The four counts produced by 
counter 146 are designated C0, C1, C2 and C3. Each 
output from trailing edge detector 144 causes the counter 
i46 to shift its output to the next higher stage, so that 
the counter 146 cycles and produces outputs C0, C, C2 
and C3 in order in response to the shift pulses produced 
by trailing edge detector 144. These shift pulses are syn 
chronous with the trailing edge of the write pulse trans 
mitted through AND gate 42 and detected by element 
144. Cyclic counter 146 is controlled by the SS signal 
from SS flip-flop 116. When the SS signal is present C1 
outputs are not produced and the counter 46 cycles 
through outputs C0, C2 and C3. Counter 146 is shown 
in more detail in FIGURE 5. The operation of the 
counter 146 and the control exercised by the SS signal 
will be explained in connection with that figure. Suffice 
it to say, that when the SS signal is present, the counter 
146 operates as a three stage counter and produces sig 
nals in the order mentioned above. 

It should be noted that the counter 146 is cyclic and that 
a shift pulse received when the counter is producing a C3 
output will step the counter back to an output of C0. 

Counter 146 is cycled a number of times for each 
sprocket pulse transmitted via buffer 102. In particular 
counter 146 goes through a cycle of operation once for 
each memory location addressed in the buffer memory 
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(FIG. 6). Only on the first such cycle after the receipt of 
a sprocket pulse is the C1 count produced by counter 146. 
The rate at which counter 46 cycles is a function of the 
frequency of oscillator 148 which is adjusted so that 
counter 146 may cycle at least sixty-four times for each 
sprocket pulse received. The number of cycles of opera 
tion for counter 146, per sprocket pulse, is a function of 
the size of the buffer memory 200 (FIG. 6) storing a line 
of material to be printed. 
The print operation is terminated by the run flip-flop 91. 

operating in conjunction with the end flip-flop. 22. The 
set input of flip-flop 91 is connected to receive the TA sig 
nal so that at the beginning of the print operation this flip 
flop produces the run signal. The run signal is applied as 
an input to AND gate 108. The reset input of the run 
flip-flop 91 is connected via OR gate 97 to the outputs of 
AND gates 93 and 95. When either AND gate 93 or 95. 
When either AND gate 93 or 95 produces an output OR 
gate 97 transmits a signal resetting run flip-flop 91 which 
in turn produces the run signal. AND gate 93 receives at 
its inputs, the BR signal from flip-flop 92, the CA count 
signal from counter 146 and the FC output of B decoder 
262 on FIGURE 6. Gate 93 resets flip-flop 91 when the 

25 

30 

35 

40 

5 5 

60 

65 

70 

print bar is moving right and the first character in the font 
is to be printed in the first column of the record, i.e., the 
printing of characters in the even columns of the record 8 
is about to terminate. 
AND gate 95 receives the BL signal from bar direction 

flip-flop 92, the C1 count signal from counter 146 and the 
LC output of the B decoder 262. Gate 95 resets flip-flop 
91 when the print bar is moving left and the last char 
acter in the font is to be printed in the second column of 
the record, i.e., the printing of characters in the even 
columns of the record 8 is about to terminate. 
The run signal is applied to AND gate 20, which also 

receives the print signal from flip-flop 106 and the output 
from trailing edge detector 114. The output of AND gate 
120 is applied to AND gate 49 and via OR gate 12 to 
the set input of end flip-flop. 122. OR gate 12i also receives 
the NUM signal which is produced whenever the offset 
bar (FIG. 9) is used to print a complete line of essentially 
numeric characters in one sweep across the record 8. The 
end flip-flop. 22 is reset each time a print instruction is 
received from the computer. The set output of flip-flop. 22 
is applied to AND gate 140 via delay element 26. AND 
gate 140 produces the end signal which resets flip-flop 106 
and terminates the print operation. 

Before proceeding with the description of the remaining 
figures, the functions of the control apparatus on FIG 
URE 4 will be briefly explained. In the discussion that 
follows it will be assumed that a print instruction is avail 
able from the computer. In general the apparatus of FIG 
URE 4 operates in response to the sprockets S1 through 
S65 from print bar 2 to control the firing of the print ham 
mers (FIG. 2); to indicate the direction of bar move 
ment; and to control the scanning of the buffer memory 
200 (FIG. 6) and the sequential operations of the printing 
device. 
As the bar 2 moves, read heads 34 and 35 produce 

pulses which are amplified by elements 80 and 82 and 
applied thereby through OR gate 84 and trailing edge 
detector 94 to resettable delay flop 96. The sprocket pulses 
applied to resettable delay flop. 96 keep this element reset 
and prevent the generation of the TA signal. The TA sig 
nal controls AND gates 86, 88 and 104 and flip-flops 91 
and 106. In the absence of the TA signal the print order 
cannot be transmitted through AND gate 104 nor can the 
bar direction flip-flop 92 receive an input. However, when 
the bar 2 turns around, sprockets will not be detected by 
heads 34 and 35 and accordingly amplifiers 80 and 82 will 
not supply energizing signals to resettable delay flop 96. 
Thus, when the bar 2 changes direction the TA signal is 
produced and alerts the aforementioned AND gates. 
Assuming that the bar is starting its leftward motion 

the first sprocket (i.e., S) is detected by head 34 (FIG. 
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2) and causes amplifier 82 to apply a pulse to now alerted 
AND gate 83 which in turn applies a signal to reset the 
bar direction flip-flop 92. When reset, flip-flop 92 produces 
a steady state bar left (BL) signal which is applied to 
AND gate 106. AND gate 100 also recieves this same 
sprocket pulse (Si) and accordingly transmits substan 
tially the entire sprocket pulse via OR gate 102 to the input 
of AND gate 18 and via trailing edge detector 114 to 
the set input of SS flip-flop 16 and to one input of AND 
gate E08. 
The trailing edge of the same sprocket signal (S) 

which resets the bar direction flip-flop 92 is also applied 
via OR gate 84 to trailing edge detector 94. The output of 
detector 94 resets resettable delay flop. 96 thereby remov 
ing the TA signal. Thus, this first output fo amplifier 82 is 
transmitted via AND gate 83 to flip-flop 92 but additional 
sprocket signals, either L or R, will not be transmitted via 
AND gates 85 or 38 to effect the bar direction flip-flop 92. 
Further only additional L pulses produced by head 34 in 
response to sprockets S2 etc. will be transmitted through 
AND gate 109 and OR gate i82 because of the reset state 
of bar directicin flip-flop 92. The R signals produced by 
read head 35 and amplified by element 30 cannot pass gate 
98 to buffer i02 because flip-flop. 92 is reset (i.e., the BR 
signal is not present). 

Every sprocket pulse transmitted via OR gate 102 pro 
vides an alerting signal to the print fire AND gate 18. 
AND gate 18 produces the print fire pulses which actu 
ates the apparatus (FIG. 6) controlling the print ham 
mers. As shall be shown the remaining two inputs (print 
and FS) to gate 113 are available during the print opera 
tion. Accordingly, when the bar 2 is moving left, the fire 
pulse from gate 113 is produced in response to every 
sprocket detected by read head 34. in a similar way when 
the bar is moving right every sprocket detected by read 
head 35 produces a fire pulse. 

Further every sprocket pulse transmitted via OR gate 
102 and trailing edge detector 14 sets flip-flop 16 which 
produces the SS signal. Flip-flop 116 is reset by the 30 
functional signal to produce the SS signal which controls 
counter 46. The 30 functiona signal is produced, as shall 
be explained, as counter 146 cycles through its first set of 
outputs. Thus, it should be recognized that while the 
counter 46 cycles many times between each sprocket 
pulse only the first cycle after a sprocket pulse does it 
produce a count of C1. 
As indicated above, the turnaround signal (TA) from 

resettable delay flop 96 is applied to set FS flip-flop 99 
which produces the FS signal in response thereto. The 
flip-flop is reset by the 36 function signal which is pro 
duced during the first cycle of operation of counter 146. 
Thus, the FS signal indicates that the bar has just turn 
around and is only available after the first detected 
sprocket, i.e., either sprocket S; or S65 depending on 
the direction of the bar 2. 

In addition the TA signal is applied to gate 194 which 
transmits the print order from the computer to the ap 
paratus controlling the print operation. The output of 
gate 104 is used to set the print flip-flop 66 which in 
turn alerts gates 108, 18 and 26. The output of gate 64 
is also used to signal the computer so that it may go 
on with other operations, as well as to remove the print 
instruction signal from gate (34. It will be appreciated 
when the print order signal is present that gate 64 will 
transmit a signal which sets the print flip-flop 103 as 
soon as the first sprocket is detected after the TA signal 
is produced. The first sprocket to be detected (as well as 
others which follow) and transmitted either via ampli 
fier 80 or 82 and through AND gates 98 or 60 via OR 
gate iO2 and trailing edge detector 14 is applied to AND 
gate 108. AND gate 88 produces an output because the 
run and print signals from flip-flops 9 and 106 are also 
present. The output of AND gate 88 sets the scan flip 
flop 12. All but the last sprocket detected after the TA 
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signal is available causes AND gate 108 to produce a 
signal which sets the scan flip-flop 12. 
The scan signal from flip-flop 2 is applied to one 

input of AND gate 142. This gate also receives the 
periodic write pulses from binary counter 50. The out 
put of gate 159 is applied via trailing edge detector 444 
to shift the counter 146 at the end of a write puise. 
One function of counter i46 is to cause the locations 

in memory 200 to be read out each time all, but the 
last sprocket, from the print bar is detected. The last 
Sprocket to be detected will either be the Sprocket as 
Sociated with the first or last character in the font de 
pending on the direction of the print bar. This function 
can only be carried out when the scan flip-flop 12 is set 
and produces the scan signal. When the last location in 
the memory 200 is being addressed the memory address 
register will be indicating an address of 27, 128 or 129 
and will thus be producing either the MARil 27, MAR128 
or MARE.29 signal. Any one of these signals will reset 
the scan filip-flop 2. Normally all the other sprockets 
(and any one except the last) detected on the print bar 
2 will set the scan flip-flop 12 via OR gate 102, element 
114 and iO8. However, the last sprocket is not per 
mitted to pass through gate 108. As shall later be ex 
plained the run flip-flop 9: is reset when the next to the 
last sprocket is detected and the run signal is at that time 
removed from gate 108. The next to the last sprocket 
detected cannot pass through gate 108 and set the scan 
flip-flop ii.2. After the last sprocket is detected the run 
flip-flop 91 is reset by the TA signal. 
The end flip-flop 122 is used to indicate that the bar 

has completed a full cycle of operation; that is, the bar 
has moved to and fro across the record 8 and that the 
print operation is complete. Flip-flop. 122 produces the 
end signal via AND gate 140 which resets the print flip 
flop 106. The end flip-flop also produces the end signal 
via gate 140 when the bar has gone through a half cycle, 
i.e., has moved completely in either direction across the 
record 8. This occurs when the offset bar (FIGURE 9) 
is used to print essential numerical characters. 
The operation of the end flip-flop and run flip-flop. 122 

will be explained later in detail. 
Refer now to FIGURE 5 which shows a more de 

tailed block diagram of the cyclic counter 146. 
The counter 46 comprises four flip-flops 60, 162, 

164 and 166 series connected in a ring. Each of the flip 
fiops 160 etc. has a "1" and a “0” output state and as 
Sociated output terminals as well as a set and reset input. 
When any of the flip-flops 160 receives a signal at its 
reset input, the flip-flop is forced to its “0” state and 
when a flip-flop 160 etc. receives a signal at its set input, 
it is forced into the "1" state and will produce an output 
at the terminal marked "1.” The “1” output terminals of 
flip-flop 162, 164 and 166 are connected through differen 
tiators 176, 172 and 176 to the set inputs of flip-flops 
164, 166 and 160 respectively. The “1” outputs of flip 
flop 160 is connected via differentiator 68 to one input 
of gates 178 and 180. Gates 178 and 180 also receive the 
SS and SS outputs respectively from flip-flop 116 (FIG 
URE 4). The output of gates 178 and 170 are connected, 
respectively, to the Set inputs of flip-flops 162 and 64. 

All the reset inputs of flip-flops 60 etc. are connected 
to the shift line 182 which receives the output pulses 
from the trailing edge detector 44 of FIGURE 4. 

In operation only one of the flip-flops 60 etc. it in 
the "1" output state at any time. The flip-flop in the 'i' 
output state determines the count; i.e., flip-flops 69, 
i62, 64 and 66 produce respectively the counts of C9, 
C1, C2 and C3 respectively at their '1' output termi. 
nals. When a flip-flop which is set in the “1” state receives 
a shift pulse at its reset input, the output from that flip 
flop will change from a “1” to a "0." The differentiator 
connected to that flip-flop in turn produces an output that 
is transmitted to the set input of the flip-flop next in the 
chain. in this manner the state of any one flip-fiop is 
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shifted to the next flip-flop in the chain and the count 
of the cyclic counter 146 is increased. 

It will be noted that the output of flip-flop 160 is either 
transmitted through gate 180 to flip-flop. 162 producing 
count C1 or is transmitted through gate 78 to flip-flop 
164 which produces the count of C2. When flip-flop 116 
is set (FIGURE 4) and produces the SS signal the 
count in flip-flop 160 will be shifted through gate 180 to 
flip-flop 162 and when flip-flop 116 is reset and produces 
the SS signal the count in flip-flop 160 will be shifted 
to flip-flop 164. 
When a count of C3 is produced by flip-flop 166 the 

next shift pulse causes this flip-flop to change its output 
state whereby differentiator i76 produces a pulse that is 
applied to the set input of flip-flop 160. In this manner 
the counter 146 is cycled. 

Refer now to FIGURES 6a and 6b which are a block 
diagram illustrating the interconnection of those ele 
ments that ultimately cause the firing of the print ham 
mers of FIGURE 2. The print buffer memory 200 (FIG. 
6a) has 128 addressable storage locations. Each loca 
tion stores a character of the message to be printed in 
a column of the record 8 (FIGURE 2). In particular 
each location may store eight bits defining a character 
to be printed. The messages are arranged in the print 
buffer memory 200 so that the character of the message 
in memory location 1 is printed in the first column posi 
tion of the record and the character in location 128 is 
printed in the 128th column position of the record. In 
termediate locations in the memory store characters for 
corresponding intermediate columns on the record 8. 
The contents of the print buffer memory 200 may be 

changed by reading in new information from a main 
memory of a computer (not shown). The print buffer 
memory 200 may also comprise a portion of a large 
memory used in such computers. 

In the specific embodiment of this invention it is con 
templated that the buffer memory 200 comprises mag 
netic cores arranged in eight planes. Such memories are 
generally cyclic in operation and have one specific time 
for reading information from the memory and another for 
writing information into the memory. The periodic sig 
nals read (RD) and write (WR) generated from binary 
counter 150 (FIGURE 4) are applied to the memory for 
this purpose. Obviously, however, other types of memories 
may be employed. 
As has already been indicated there are sixty-four char 

acters in the font. Accordingly, any character in the mes 
sage can be represented by the combination of six binary 
“1” or '0' bits which are represented by a pulse and the 
absence of a pulse respectively. While a specific memory 
location can store eight bits only the first six bits are 
needed to define a character. The two most significant bits 
in each memory location may be used for other purposes, 
as parity bits etc. Therefore, each location in the memory 
200 stores six bits defining a character and two bits which 
as for this invention is concerned are of no significance. 
These two bits are assumed to represent “0” binary values. 
When a location in the memory 200 is read out all the 
eight bits defining a character are avalaible simultaneously 
on cable 314. In this regard it should be noted that the 
cable 34 is shown on the drawings as a single line. How 
ever, cable 314 comprises a plurality of single lines. That 
is, there is one line for each bit of a character or one line 
for each of the planes of cores in memory 200. The lines 
of cable 314 are connected to AND gates 306. While 
AND gates 306 are as one gate it will be understood that 
each line of cable 314 is connected to a separate gate. 
For simplicity the cables in FIGURES 6a and 6b are 
shown as a single line and the plurality of gates receiving 
the bits comprising a character are shown as one gate. This 
convention is applied to the description of FIGURE 6. In 
general each of the lines on FIGURE 6 represents a cable 
with eight conductors and an OR gate or AND gate receiv 
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4. 
ing such a cable represents eight gates and will be referred 
to in the singular. 
The contents of a selected location from the buffer 

memory 200 are transmitted over cable 314 to the inputs 
of AND gates 304 and 306. AND gates 304 and 306 are 
alerted by the 27 function signal produced by the control 
matrix of FIGURE 7. Further AND gate 304 is alerted by 
the presence of the T signal produced by the control 
matrix of FIGURE 8 and AND gate 306 is inhibited when 
the T signal is produced. The 27 function table signal is 
generated when it is desired to transmit a character in the 
buffer memory 200 to the D register 254 for comparison 
with a representation of the character type on print bar 2. 
The T signal controlling gates 304 and 306 is present only 
when the offset bar (shown in FIGURE 9) is used. When 
the standard bar (FIG. 3) is used AND gate 306 is opera 
tive and transmits the character read from memory 20 
directly into the D register 254 via buffer 252. When the T 
signal is present AND gate 306 is inhibited and AND gate 
304 transmits the information from the memory via trans 
lator 212 and buffer 253 to the D register 254. The func 
tion of the translator 212 will be described in connection 
with the operation of the printer when the offset bar 
(FIG. 9) is employed. 
The D register 254 also receives the contents of the print 

buffer address register 208 (PBAR), the start character 
register 206 (SCR) and the code register 206 (CR). Al 
though these registers are shown as separate entities they 
may be in fact a part of the main memory of the com 
puter. The D register 254 and registers 204, 206 and 208 
each may also store up to eight bits although the informa 
tion they receive or transmit may be definable in only 
6 or 7 bits. The binary bits not necessary to define the 
stored information in any register are '0' bits. Further, 
whenever any of the aforementioned receives information 
its prior contents are automatically cleared therefrom. 
The code register 204 stores eight bits and its contents 

represent a character type on the bar 2 which may next be 
printed. As shall be seen the code register 204 stores a 
representation of every character in the font after each 
sprocket pulse on the print bar 2 is detected. Only the 
first six bits stored in the code register 204 are needed to 
define a character and only these six bits in the register 
204 are transmitted through gate 244 and buffer 252 to the 
D register 254. As noted above the D register 254 stores 
eight bits and therefore when it receives a character rep 
resentation from the code register 204 the first six bit posi 
tions in the D register represent the character and the two 
most significant bits in the D register are '0' bits. AND 
gate 244 is alerted by the 10 function signal also produced 
by the matrix shown on FIGURE 7. 
The start code register 206 also stores eight bits al 

though again only the first six are needed to define a 
character. These six bits are transmtited via AND gate 
246 and buffer 252 to the D register 254. AND gate 246 
is alerted by the 1 function signal or the 18 functional 
signal applied via OR gate 210. The contents of the start 
code register 206 are changed once for each sprocket pulse 
received. In general when the print bar 2 is used the con 
tents of the start code register 206 represents the character 
which will be available for printing in either column 1 or 
column 2 of the record 8 depending upon whether the 
print bar 2 is moving left or right. 
The print buffer address register 208 may be an eight bit 

register and stores the values from 1 to 129, each of which 
represents a different address in the buffer memory 200. 
The contents of register 208 are transmitted to the D 
register 254 via AND gate 248 and buffer 252. AND gate 
248 is controlled by the 23 function signal which is also 
produced by the matrix of FIGURE 7. The print buffer 
address register 208 is used to address all the memory 
locations in buffer 200 which can be printed as the print 
bar moves in any one direction. 
Also connected to the D register 254 are a plurality of 

registers 214, 26, 218, 220 and 222 which store constant 
values. The use of a register to transmit a selected constant 



3,390,630 
5. 

value into the D register 254 is for illustration only, since 
the D register 254 like most electronic registers can be 
jammed to any desired value by signals selectively applied 
directly to the elements comprising the register. The regis 
ter 214 stores the base address in the memory containing 
the character to be printed in the first column of the 
record. In this specific embodiment the value stored in 
register 234 would be a “1,” i.e. 00000001. The bits com 
prising this address stored in register 24 are transmitted 
through AND gate 240 and through OR gate 242 into the 
D register 254. AND gate 240 is alerted by either the func 
tion signal 32 or 233 applied thereto via OR gate 310. 
The function signal 32 is generated by the matrix shown 
in FIGURE 7 and function signal 233 is generated by 
the matrix shown in FIGURE 8. The function signal 32 
is produced after each sprocket signal when the standard 
bar is moving right. The function signal 233 is produced 
when the offset bar (FIG. 9) is used at specific positions 
of that bar. 

Register 216 stores the base address plus 1 and in this 
Specific embodiment would specify memory address 2, 
i.e. 00000010. In particular it should contain the address 
in the memory of the character to be printed in the first 
even column, i.e., column 2, on the record 8. The con 
tents of register 2i6 are transmitted through AND gate 
238 via OR gate 252 to the D register 254. AND gate 238 
is alerted by the 33 and 232 function signals which are 
produced by the apparatus of FIGURE 7 and applied to 
AND gate 238 via OR gate 217. The 33 function table 
signal is produced after each sprocket signal is gen 
erated when the bar is moving left. The function signal 
232 is produced by the matrix of FIGURE 8 when the 
offset bar (FIG. 9) is used at specific positions of that 
bar. The contents of registers 214 and 216 specify the 
location in the memory from which the scanning opera 
tion should start depending upon whether the print bar 
is moving left or right. 

Register 222 stores a binary value equal to the base 
address plus 2 which in this embodiment would specify 
address location 3, i.e., 00000011. The contents of this 
register are transmitted through AND gates 226 and 
buffers 252 to the D register 254. AND gate 226 is alerted 
by the 132 and 133 function signals produced by the 
control apparatus of FIGURE 8, applied via OR gate 
312. As indicated previously function signals produced 
by the apparatus of FIGURE 8 are only generated when 
the Second or offset bar is employed. 

Registers 214, 216 and 222 all serve a similar func 
tion. They control which location in the memory is ad 
dresed immediately after the receipt of a sprocket signal 
from the print bar. When the standard bar is employed 
and the bar is moving right odd locations from the memory 
will be read and the starting address should be memory 
location 1 stored in register 214. When the bar is moving 
left even locations are scanned from the memory for 
each Sprocket and the scanning of the memory should 
start from location 2 which is the values stored in register 
216. Register 222 is employed when the second bar or off 
set bar is used in addition to registers 214 and 216. As 
shall be later explained in connection with the descrip 
tion and the operation of the printer when the second bar 
is used the starting address for scanning the memory must 
be changed as the bar moves in any given direction because 
of the offset characters on that print bar (see FIG. 9). 
Two other registers also are connected to the D register 

254. Register 218 stores the value 00000000 which is the 
representation of the first character in the font. Register 
220 stores the value 00111111 which is the representation 
of the last character in the font. When the bar is turning 
around and starting to move in a leftward direction it 
will be appreciated that the first character type in the font 
will be approaching column 2 of the record. The repre 
sentation of this first character type is the first one to be 
compared against the message in the memory. To this end 
when the print bar starts to move left the representation 
of the first character in the font is transmitted from reg 
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6 
ister 218 via gate 236 and OR gate 252 to the D register 
254. AND gate 236 is alerted by the 12 or 19 function 
signals which are generated by the control matrix of FIG 
URE 7 and applied to gate 236 via OR gate 234. 

Register 220 serves a function which is similar to reg 
ister 218 via gate 236 and OR gate 252 to the D register 
acter in the font to be transmitted via AND gate 242 and 
OR gate 252 into the D register 254. When the print bar 
2 turns around and starts its rightward motion the last 
character type in the font is the one which will be ap 
proaching column position 1 of the record and it is the 
first character type representation to be compared with a 
character of the message. To this end AND gate 242 is 
alerted by the 13 or 20 function signals applied via OR 
gate 230. These signals are produced by the apparatus of 
FIGURE 7 immediately after the bar turns around and 
starts its motion to the right. 

It will be appreciated from the foregoing that the D 
register 254 receives a variety of information. In the main 
it receives characters of the message from the memory 
200; addresses which are ultimately to be used for specify 
ing locations in the memory; and representations of vari 
ous character types on the print bar. 
The contents of the entire D register 254 may be trans 

mitted over cable 257 via AND gate 250 into the memory 
address register 202. Gate 250 is alerted by the 25 func 
tion table signal produced by the apparatus of FIGURE 
7. The memory address register 202 in response to in 
formation transmitted from the D register 254 will select 
one of the locations in the memory and will produce a 
corresponding signal on the lines MAR1 through 
MAR129. In particular if memory location 2 is selected 
a signal will also be generated on line MAR2 etc. The 
MAR129 signal is produced when a location in the 
memory 200 is addressed that does not contain a character 
to be printed. 
The contents of the entire D register 254 are also ap 

plied via cable 255 to one set of inputs of a parallel adder 
302. As shall later be explained the D register 254 at 
various times transfers memory address information into 
the adder 302 so that it can be suitably modified to cause 
Scanning of all the locations in the memory; transfers 
data to the adder 302 so that it can be compared to repre 
Sentations of the type font on the print bar and selectively 
cause printing; and transfers representations of charac 
ters on the print bar which are approaching the first, sec 
ond or third columnar positions of the record 8. These 
latter representations are delivered to the adder 302 so 
that they can be modified and represent at any given time 
the character type on the bar next to approach either 
cloumn 1, column 2 or column 3 of the record. Finally 
the D register 254 is used in transferring representations 
of character types to the adder 302 so that the representa 
tion of all the character types may be generated in order 
for each position of the print bar. 
The contents of the D register 254 are at selected times 

transmitted via cable 259 and AND gate 256 to the B 
register 258. Only information representing character 
types on the print bar are transmitted from the D register 
254 into the B register 258 via AND gate 256 and cable 
259. AND gate 256 is controlled by the 19 function signal 
which is produced by the control apparatus of FIG 
URE 7. 
B register 258 comprises eight storage elements for 

storing representations of any character in the sixty-four 
character font, although only the first six elements are 
necessary for this purpose. The output of the B register 
258 is applied to the B decoder 262 and to complementer 
260. The B decoder 262 is used to detect certain repre 
sentations of the character types of the font on the print 
bar. In particular when a representation of the first char 
acter type in the font on either the standard (FIG. 2) 
or offset bar (FIG. 9) is in the B register 258, the B 
decoder 262 produces the FC signal and when a repre 
sentation of the last character in the font is in the B reg 
ister 258, the B decoder 262 produces the LC signal. The 
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B decoder 262 is also used to detect when a specific char 
acter or set of characters on the offset bar (FIG. 9) is 
about to be printed or when specific character types are 
approaching the first or second columns of the record. 
The signals produced on the output lines of the B decccder 
262 labeled P-, Q, OSN, ZOSN and AA are applied to 
the control matrix of FIG. 8 and are only employed when 
the offset print bar (FIG. 9) is used. 

The B register 258 is also coupled to complementer 
260 which operates to complement the eight bits of the 
values stored in the B register 258 before this value is 
applied to the adder 302. As indicated above part of the 
printing operation comprises comparing a character from 
a specific location in the memory 200 which is to be 
printed in an associated columnar position of the record 
8 with a representation of the character type approaching 
that columnar position. As shall be explained in detail the 
D register 254 transmits that character from the memory 
202 to a first input of the adder 302 when the B register 
258 stores the representation of the character type ap 
proaching the columnar position of the record 8 associated 
with that memory location. The complementer 260 com 
plements the values stored in the B register 258 and 
applies it via gates 264-1 to 264-8 and OR gate 268 to a 
second input of the adder 302. If the result of the com 
putation using the contents of the D register 254 and the 
complemented contents of the B register 258 is zero it indi 
cates that the character from the memory location trans 
mitted via the D register 254 to the adder 302 and the 
representation of the character type font in the B register 
258 are identical. It will be appreciated by those skilled 
in the art that the contents of the B register 258 are being 
subtracted from the contents of the D register 254. 
The complementer 260 merely acts to invert each of the 

eight outputs of the B register 258 and forms the 1's 
complement of the binary value stored in the B register 
258. To effect the comparison of the two values in the B 
register 258 and the D register 254 by a subtract operation, 
a fugitive 1 or initial carry must be inserted into the adder 
302. To this end a single 28 function (FIG. 7) signal is 
used to insert a pulse representative of an initial carry into 
the adder 302 when the comparison operation is to take 
place. 
AND gates 264-1 to 264-8 are alerted by the 28 

function signal from the matrix of FIGURE 7. Gate 264-6 
is also inhibited by the 128 function signal from the 
matrix of FIGURE 8. Function signal 28 is produced 
when the standard print bar (FIG. 3) or the offset print 
bar (FIG. 9) is used and function signal 128 is produced 
when the offset print bar is used. In the latter case the 
complemented sixth bit of the contents of the B register 
is not transmitted to the adder 302 and accordingly the 
sixth bit input to the adder 302 will appear to be a “0” bit. 

Also connected to the second input of adder 302 are 
registers 278, 279, 280 and 282. These registers store the 
constant values --2, --3, -1 and --1 respectively in 
binary form. 
The contents (00000001) of register 282 are trans 

mitted to the second input of adder 302 via AND gate 
274 and OR gate 268. AND gate 274 is alerted by the 
output of OR gate 276 which receives the function signals 
15 and 2 from the matrix of FIGURE 7. 
The contents (11111111) of register 280 are transmitted 

to the second input of adder 302 via AND gate 272 and 
OR gate 268. AND gate 272 is alerted by the 34 function 
signal produced by the apparatus of FIGURE 7. 
The contents (0.0000010) of register 278 are transmitted 

to the second input of adder 302 via AND gate 270 and 
OR gate 268. AND gate 272 is alerted by the 24 function 
signal produced by the apparatus of FIGURE 7. 

Finally the contents (00000011) of register 279 are 
transmitted to the second input of adder 302 via AND 
gate 281 and OR gate 268. AND gate 281 is alerted by 
the 124 function signal produced by the control matrix 
of FIGURE 8. 
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As in the case registers 214, 216, 218 etc. it will be 

understood that the contents of these registers 278, 279 
etc. are transmitted via cable comprising eight lines to the 
adder 392 and that each of the gating elements 270, 272 
etc. are only one of eight gates. Further it will be under 
stood that registers 278, 279, 280 and 282 are shown to 
aid in the description of the invention and could be elimi 
nated. Instead the function signal which transmits the 
values in the register could be directly connected 
to selected inputs of the adder 302. 
The adder 302 has two outputs. The sum of the con 

tents applied to the two inputs of adder 302 is transmitted 
via cable 305 to AND gates 284, 286 and 288. 
AND gates 284, 286 and 288 are connected via cables 

285, 287 and 239 to the input of the print buffer address 
register 238, the code register 204 and the start code 
register 206 respectively. 
AND gate 284 is connected to the output of OR gate 

283 which in turn receives the 24 function signal from 
the matrix of FIGURE 7 and the 124 function signal from 
the matrix of FIGURE 8. Either of these two latter func 
tion signals will alert AND gate 284 to transmit the sum 
output of the adder 302 to register 208. 
AND gate 286 is alerted by the 15 function signal from 

the matrix of FIGURE 7 and when this function signal 
occurs the sum output of the adder 302 is transmitted to 
the code register 204. AND gates 286 only transfer values 
000000 to 111111 from the adder 302 to the control 
register 204. That is, only the first six bits of the adder 
302 sum output are transferred to the CR 206. Therefore, 
when the inputs to the adder 302 are 00111111 and 
00000001 the value transmitted to the code register 204 
will contain all 'O' bits. 

Finally AND gate 288 is alerted by the output of OR 
gate 250 which receives the 21, 34, 12 and 134 function 
signals. The presence of any one of these function signals 
causes AND gate 288 to transmit the sum output of adder 
302 to the start code register 206. Function signals 21 
and 34 are generated by the matrix of FIGURE 7 and 
function signals 121 and 134 are generated by the matrix 
of FIGURE 8. 
The second output of the adder 302 appears on the 

single output line 307 whenever the result produced by the 
adder is zero. This signal will be produced when the con 
tents of D register 254 and the B register 258 are the same 
and are applied to the adder 302. Output line 307 of 
adder 302 is a single line and is applied to the input of 
gate 292. Gate 292 is alerted by function signal 28 and is 
inhibited, i.e. prevented from transmitting an output, 
whenever a signal is generated from either gate 41 or 
42 (FIG. 8) or an output is produced on the MAR129 line 
of the memory address register 202. 
The output of AND gate 292 is applied to the input of 

64 AND gates 296-1 to 296-64. Only AND gates 296-1 
and 296-64 are shown. Each of the ANED gates 296-1 to 
296-64 receives an output from corresponding OR gates 
294-1 to 294-64 and each of the OR gates 294-1 etc. 
receives two adjacent consecutive inputs from the memory 
address register 202. Thus, OR gate 294-1 receives inputs 
from the MAR1 and MAR2 output lines from memory 
address register 202 and OR gate 294-64 receives the 
MAR127 and MAR128 output lines of memory address 
register 202. The intermediate OR gates 294-2 to 294-63 
(not shown) receive intermediate outputs MAR3 through 
MAR126 of the memory address register 202. Thus, OR 
gate 294-2 would receive the MAR3 and MAR4 outputs; 
OR gate 294-3 would receive the MAR5 and MAR6 out 
puts from memory address register 202 etc. 
The outputs of AND gates 296-1 through 296-64 are 

connected respectively to the set inputs of column driver 
flip-flops 298-1 through 298-64. The reset inputs of each 
of these 64 column flip-flops is connected to the output 
of AND gate 118 on FIGURE 4. 
The MAR signals are produced when the print buffer 

memory 200 is addressed and these MAR signals indi 
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cate which address in the memory is presently being 
accessed. Thus, when the contents of either memory 
location 1 or 2 is transferred to the D register and is 
the same as the character type representation in the B 
register 258, gate 296-1 will be alerted by the output 
of OR gate 294-1 to transmit the signal on adder 302 
output line 307 to the set input of column driver flip 
flop. 298-1. In like manner column driver flip-flops 298-2 
through 298-64 will be set in response to the output signal 
on line 307 as the buffer memory 200 is addressed by 
memory address register 202. 
The set output of the column driver flip-flops 298-1 

through 298-64 are connected via differentiators 360-1 
through 300-64 to the actuating coils 31 (FIG. 2) of the 
64 print hammers associated with the 128 columns of the 
record 8. When the fire pulse is produced by AND gate 
118 all those column driver flip-flops which have been 
set will be reset. The differentiators connected to the 
set outputs of those flip-flops will produce at that time 
an output pulse to selectively drive the print hammers 
of FIGURE. 2. Column driver flip-flop. 298-1 controls 
the print hammer associated with columns 1 and 2 of 
the record and column driver flip-flop 298-64 controls the 
print hammers associated with columns 127 and 128 of 
the record 8. The intermediate column driver flip-flops 
298-2 to 298-63 are similarly associated with the in 
termediate print hammers and columns of the record 8. 

Refer now to FIGURE 7 which shows the control 
matrix for producing function signals 0 to 15, 18 to 21, 
23 to 25, 27, 28, 30, and 32 to 34. Each of the vertical 
lines on FIGURE 7 represents an AND gate and each 
of the dots on a vertical line represents a connection to 
that AND gate. The matrix of FIGURE 7 comprises 
AND gates 320 to 325, 328 to 332, 335 to 339, 341 to 
342 and 344. The vertical lines on FIGURE 7 represent 
inputs to these AND gates. Input lines are connected to 
an AND gate at those points where a dot appears at the 
intersection of a vertical and horizontal line. Thus, for 
example, the read input produced by binary counter 150 
(FIG. 4) is applied to AND gates 320, 321, 322, 323, 
324, 328, 329, 330, 335, 336, 337 and 341. The remaining 
inputs to the matrix of FIGURE 7 will not be described 
in detail except to indicate where these signals are gen 
erated. 
The read and write signals are generated from binary 

counter 150 (FIG. 4). The FS and FS signals are pro 
duced by flip-flop 90; the SS and SS signals are pro 
duced by flip-flop 116; the BR and BL signals are produced 
by flip-flop 92 and the C0, C1, C2 and C3 count signals 
are produced by cyclic counter 146. All the aforemen 
tioned elements have been discussed in connection with 
FIGURE 4. 
Some of the function signals shown on FIGURE 7 

are not directly produced by the AND gates of that 
matrix. Function signals 21 and 34, for example, are 
produced by the outputs of gates 331 and 332 via AND 
gates 345 and 346. These two gates are in turn in 
hibited by the outputs of AND gates 46 and 49 of the 
control matrix shown in FIGURE 8. The outputs of 
gates 331 and 332 which are labeled 21A and 34A are 
applied as control signals to the apparatus shown in 
FIGURE 8. In addition, function signals 32, 33 and 24 
are produced in response to signals from gates 335, 336 
and 338 via AND gates 347, 348 and 349 respectively. 
AND gates 335, 336 and 338 produce the 32A, 33A and 
24A signals which are applied also to the matrix of 
FIGURE 8. AND gates 347, 348 and 349 are also in 
hibited by signals from the gates of FIGURE 8. In par 
ticular AND gate 347 is inhibited by the output of AND 
gates 48 and 50; AND gate 348 is inhibited by the out 
puts of either AND gates 45 or 47; and AND gate 349 
is inhibited by the output of AND gate 44. 
An examination of FIGURE 7 shows that the function 

signals i0 to 15 are produced when the cyclic counter 
146 is at a count of C0; the function signals 18 to 21 
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2 
and 34 are produced when the cyclic counter 146 is at 
a count of C1; the function signals 23 to 25, 32 and 33 
are produced when the cyclic counter 146 is at a count 
of C2; and the function signals 27, 28 and 30 are pro 
duced when the cyclic counter 146 is at a count of C3. 
Further the 21A and 34A signals produced at a count 
of C1 and the 24A, 32A and 33A are produced at a 
count of C2. 
Above each of the function signals on FIGURE 7 

there is a short statement indicating the purpose of that 
function signal. Thus, for example, the 10 function sig 
nal causes the contents of a control register 204 to be 
transferred into the D register 254 and the 19 function 
signal causes the D register 254 to receive the value of 
all 0's; the 25 function signal causes the contents of the 
D register 254 to be transferred into the memory address 
register 202 and the 28 function signal causes the con 
tents of the D register 254 to be compared by the adder 
302 with the contents of the B register 258. 

Refer now to FIGURE 8 which is a control matrix 
used in controlling the printer when the offset print bar 
(FIG. 9) is used. This matrix of FIGURE 8 is used in con 
junction with the matrix of FIGURE 7 to generate all the 
control signals necessary when the offset print bar is in use 
as well as to prevent certain of the function signals which 
would normally be developed by the apparatus of FIG 
URE 7 when the offset bar is in use. The matrix of FIG 
URE 8 comprises 11 AND gates 40 through 50. Each 
of these AND gates is represented by a vertical line. The 
horizontal lines of FIGURE 8 represent the inputs of 
these AND gates. An AND gate receives an input at any 
intersection which has a dot thereat. Thus, for example, 
all the AND gates 40 through 50 are connected to re 
ceive the 48/16 signal. 

Gate 40 produces the translate (T) signal which is 
applied to AND gates 304 and 306 at the input of trans 
lator 212 of FIGURE 6a. Gates 41 and 42 produce sig 
nals that are applied to inhibit gate 292 of FIGURE 6b. 
The matrix of FIGURE 8 produces the 128, 124, 133, 
121, 233, 132, 134 and 232 function signals all of which 
are applied to control the flow of information in the 
apparatus shown in FIGURE 6. None of the afore 
mentioned function signals except the 128 function signal 
are produced directly by the AND gates of FIGURE 8. 
The function signals 124, 133, 121 etc. require that cer 
tain of the gates from FIGURE 7 produce an output. 
Thus, for example, in order to generate the 124 function 
signal an output must be produced by AND gate 44 and 
the 24A signal must be available from gate 338 on FIG 
URE 7. AND gates 44 through 50 are connected to the 
inputs of AND gates 44a through 50a. It is these latter 
AND gates 44a to 50a which produce the 124, 133, 121, 
233, 132, 134 and 232 function signals. 
The input signals to the matrix of FIGURE 8 are ap 

5 plied via the horizontal lines labeled C3, F1, and F1 sig 
nals, 48/16, NUM, NUM, and five lines which receive 
signals applied by the B decoder 262 of FIGURE 6. These 
five lines transmit the OSN, AA, P, ZOSN and Q signals 
of the B decoder 262. These latter five signals are gen 
erated when the offset print bar (FIG. 9) is used and 
certain of the characters thereon are either about to be 
printed or are advancing to the first, second or third 
columnar positions of the record 8. 
The input signals FSI and FS1 are produced from 

the reset and set output respectively of flip-flop 403. This 
flip-flop is reset each time the turnaround signal (TA) is 
produced by resettable delay flop 96. Flip-flop 403 is set 
by a signal produced from the output of OR gate 402. 
OR gate 402 in turn receives at its input the output of 
AND gates 400 and 401. AND gates 400 and 401 each 
receive the SS signal from flip-flop 116 (FIG. 4) and a 
C3 count signal from the cyclic counter 146. In addition 
AND gate 401 receives the BR (bar right) signal from 
flip-flop 92 (FIG. 4) and the Q signal from the B decoder 
262 (FIG. 6). Further, gate 400 also receives the BL 
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(bar left) signal from flip-flop 92 and the ZOSN signal 
from the B decoder 262. 
The 48/16 signal is produced in response to the oper 

ation of switch 405. This switch is closed to contact ter 
minal 405a whenever the offset bar is to be used. When 
the switch 405 contacts terminal 405a all the AND gates 
40 to 50 on FIGURE 8 are alerted. Switch 405 may be 
operator controlled or in the alternative may represent 
the output of a flip-flop which can be program controlled 
from a computer. When the standard bar (FIG. 2) is 
used the switch 405 contacts terminal 405b, that is, the 
energizing voltage is removed from the line marked 48/16. 
The NUM and the NUM signals are produced at the 

set and reset outputs of flip-flop 404. Flip-flop 404 is reset 
in response to an instruction from a computer (not 
shown) which indicates that essentially only numeric 
characters are to be printed when the offset bar (FIG. 9) 
is used. The flip-flop 404 is reset by an instruction from 
the computer when both alphabetic and numeric char 
acters on the second print bar (FIG. 9) are to be used. 
The C3 count signals to AND gates 41, 42 and 43 are 

applied from cyclic counter 146 (FIG. 4). 
All the function signals from FIGURE 8 are produced 

in synchronism with the count signals from counter 146. 
This is true because the AND gates 44a to 50a require 
signals from the matrix of FIGURE 7 and all these sig 
nals are in turn controlled by the count signals from 
counter 146. In particular the 24A, 32A and 33A signals 
which control gates 44a, 45a, 47a, 48a and 50a are all 
produced when the C2 count signal is present. Accord 
ingly, function signals 124, 133, 233, 132 and 232 are 
selectively produced at that time. AND gates 46a and 
49a are controlled by the 21A and 34A signals from the 
matrix of FIGURE 7. The 21A and 34A signals are pro 
duced when the C1 count signal is present. Accordingly, 
function signals 121 and 134 are also selectively pro 
duced at that time. 

Refer now to FIGURE 9 which shows the second or 
offset bar 2A, the record 8 and the pair of in line read 
heads 34 and 35. As in the case of the first print bar 2 
described above there are two complete sets of font on 
the offset print bar 2A. The position of read heads 34 
and 35 remains as previously described, with head 34 
in line with column 2 of the record 8 and head 35 to the 
left three column positions. In describing print bar 2A it 
will be assumed that it is moving left and that the second 
sprocket S2 is in line with head 34. 

Each one of the fonts on the print bar 2A comprises 
64 character types and is made up of two portions. The 
first portion is called the alpha-numeric portion and com 
prises 48 character types, A through P, Q through Z, 9%, 
(), it, & ), z, d) through 9, S, , , /, * and -. As shown 
in FIGURE 9 the character types of the alpha-numeric 
portion of the first font are in line with the even column 
positions of the record 8. 
The second portion of the font is called the offset por 

tion and comprises 16 character types 4 including the 
numerals (b through 9 and symbols $, , /, * and -. As 
shown in FIGURE 9 the character types 4 of the second 
portion of the font are offset with regard to the character 
types of the alpha-numeric portion and are in line with 
the odd column positions of the record 8. The character 
types 4 within both portions of the font on bar 2A are 
positioned so that there is one column space between each 
character type. However, between the letter P (in the first 
portion of the font) and the numeral qs (first character 
in the second portion of the font) are two character 
spaces. The same distance is maintained between the sym 
bol- (last character in the second portion of the font) 
and the letter Q. 
As the bar 2A moves left, each time a sprocket is 

detected by the head 34 the character types from the 
alpha-numeric or first portions of the fonts on bar 2A 
will be in line with the even columns of record 8 and the 
character types of the second or offset portion of the 
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22 
fonts will be in line with the odd columns on the record 8. 
From the descriptive matter given previously it will be 
readily appreciated that the reverse condition is obtained 
when the bar 2A is moving right. That is, each time a 
Sprocket is detected by head 35, the character types from 
the alpha-numeric portions of the fonts on bar 2A will 
be in line with the odd columns of the record 8 and the 
character types of the offset portions of the fonts will be 
in line with the even columns on the record 8. 

There are 66 sprockets S1 to S66 associated with the 
first font on print bar 2A. Sprocket S1 is two column 
positions to the left of the first character type “A” on 
the bar 2A. Further each of the character types in the 
alpha-numeric portion of the first font has a sprocket 
directly in line therewith and an additional sprocket 
S34 in two columns to the left of the character type 
"Q." Each character type in the offset portion of the 
first font has a sprocket one column position to the left 
thereof. The sprockets S1 to S66 are detected by the read 
heads 34 and 35 which produce the L and R signals. 
These signals are applied to the control apparatus of 
FIGURE 4 already described. 
The complete set of 64 characters of the font including 

both portions are set out on the bar 2A in the following 
character order: alpha-numeric portion comprising 
character types A through P; offset portion comprising 
character types is through - ; and alpha-numeric portion 
comprising the character types Q through -. Each of 
these characters is represented by a binary value. The 
first character in the font (A) is represented by the binary 
value 000000 (or zero) and the last character in the font 
(-) is represented by the binary value 111111 (or 63). 
The intermediate characters of the font are likewise repre 
sented by intermediate binary values according to their 
relative order in the font, i.e. according to their position 
on the print bar 2A. For example, the code for the 
numeral "1" in the offset or second portion of the font 
is 010001 and the code for numeral “1” in the first por 
tion of the font is 110001. 

Refer now to FIGURE 10 which is a detailed block 
diagram of the B decoder 262. The B decoder 262 com 
prises six AND gates 405 to 410 and one OR gate 411. 
The B decoder 262 receives six of the eight output lines 
from the B register 258. That is, it receives the output 
lines carrying the least significant six bits of the value 
in the B register 258. These six bits are all that are 
necessary to define a character in the font according 
to its relative position on the print bar. The six output 
lines from the B register 258 are labeled 20 to 25 and a 
signal representative of a one bit on any of these lines 
will have a binary value according to the line it is on. 
Likewise, a zero bit on any of the lines indicates that 
absence of a value associated with that line. If a one bit 
is present on any line, e.g. line 23, then by convention 
that signal, i.e. 2 is present; if a zero bit is present on 
any line, e.g. 2', then by convention the signal 23 is present. 

Gate 405 receives the 24 and 25 signals from the B reg 
ister 258 and produces the OSN (offset numeric) signal 
at its output. AND gate 405 is operative in response to 
all codes in the B register 258 which have a zero in the 
sixth bit and a one in the fifth bit position, notwithstand 
ing the values in the first four bit positions. That is, 
AND gate 405 produces the OSN signal for each of the 
sixteen codes having the values from 010000 to 011111. 
These codes are representative of the sixteen character 
types in the offset portion of the print bar 2A. 
AND gate 406 receives the 25, 23, 22, 21 and 20 bits 

from the B register 258 and produces the P- signal at its 
output. In particular, gate 406 is operative in response to 
the binary values 001111 or 011111 which are representa 
tive of the character types from the first portion of the 
fonts and the symbol - from the offset portion of the 
fonts on print bar 2A. 
AND gate 407 receives the 25, 24, 23, 2, 21 and 20 sig 
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nals from the B register 258 and produces in response 
thereto the ZOSN (zero offset numeric) signal. In par 
ticular, gate 407 produces the ZOSN signal in response 
to the values 010000 which represents the type zero in the 
offset or numeric portion of the font. 

Gate 408 receives the 25, 24, 23, 22, 21 and 20 signals 
from the B register 258 and produces the Q signal. In 
particular, gate 468 responds to the value 100000 which is 
representative of the character type “Q' on the bar 2A. 

war worror rr - 

nals from the B register 258 and produces in response 
thereto the FC (first character) signal. In particular AND 
gate 409 responds to the value 000000 which is repre 
sentative of the first character in the font on either bar 
2 or 2A. 
AND gate 410 receives the 25, 24, 23, 22, 21 and 20 sig 

nals from the B register and produces the LC (last charac 
ter) signal. That is, AND gate 410 responds to the value 
111111 to produce the LC signal. The value 111111 
represents the last character on the font when either the 
bar 2 or 2A is used. 

Finally, buffer 411 receives the 2 signal from the B 
register 258 and produces the AA (any alphabetic) sig 
nal in response thereto. In particular, buffer 411 produces 
the AA signal in response to any code having a zero 
bit in the fifth bit positions thereof. That is, the output 
AA is produced whenever the codes for the character 
types A through P and Q through Z, 9%, G, H, &, ), 
and z from the first portion or alpha-numeric portion of 
the fonts are in the B register 258. 
As shall be seen the outputs from AND gates 409 

and 410 which produce the first character and last charac 
ter signals are used when either the standard bar 2 of 
FIGURE 2 or the offset bar 2A of FIGURE 9 is in op 
eration. The outputs from AND gates 405 through 408 
and OR gate 411 are only used when the offset bar 2A 
of FIGURE 9 is employed. 

OPERATION 
The operation of the instant printing mechanism will 

now be described. Three modes of operation will be dis 
cussed. In the first mode the standard bar is used and 
alphabetic and numeric characters are printed. In the 
second mode the offset bar is used and again alphabetic 
and numeric characters are printed. The printing rate for 
the first and second modes of operation is the same. How 
ever, the number of different alphabetic and numeric 
characters that can be printed in the second mode when 
the offset bar is used is less than the number of different 
characters that can be printed in the first mode, i.e. 
when the standard bar is used. In the third mode of op 
eration the offset bar is again used but only a limited 
portion of the font (previously designated the offset por 
tion) is printed. The printing rate in the third mode of 
operation is increased by a factor of two over the print 
ing rate in either the first or second modes of operation. 

THE FIRST MODE OF ORERATION 
Assume now that the standard print bar 2 of FIG 

URE 3 is in the printing mechanism (FIG. 1) and that 
the 128 locations of the print buffer memory 200 (FIG. 6) 
have been previously loaded. 

It will be appreciated that prior to the time the print 
order is transmitted by the computer or other external de 
vice (not shown) the print bar 2 will be constantly 
moving to and fro across the record 8. Sprockets S1 etc. 
on the print bar 2 will be detected by heads 34 and 35. 
These heads 34 and 35 produce sprocket pulses which 
are transmitted through amplifiers 80 and 82 (FIG. 4), 
OR gate 84, trailing edge detector 94 to the resettable delay 
flop 96. However, when the print bar periodically changes 
direction the sprockets S1, etc. will not be detected and the 
resettable delay flop 96 produces the turnaround signal 
shown in line 2 of FIGURE 4a. Each such turnaround 
signal is applied to set the run flip-flop 91 and is applied 
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to AND gates 86 and 88 so that the bar direction flip-flop 
92 may be toggled to indicate the direction of the print 
bar 2. 
When the print instruction from the computer (not 

shown) is generated AND gate 104 (FIG. 4) is alerted 
and end flip-flop 22 is reset. The remaining input to 
AND gate 104 is the turnaround signal and this is pro 
duced as the print bar 2 is changing direction. For descrip 
tive purposes only it will be assumed at this time that the 
print bar 2 has completed its travel across the record 8 
in the right direction and is turning around to move 
leftward across the record 8 (see FIG. 3a). The turn 
around signal produced at this time causes AND gate 
104 to transmit a signal to cause the computer to remove 
the print instruction signal and to set the print flip-flop 
66 which in turn alerts gates 108, 120 and 118 on FIG 
URE 4. In addition, the turnaround signal sets run flip-flop 
9; flip-flop 90 (which produces the FS signal) alerts gates 
86 and 88 at the set and reset inputs of the bar direction 
flip-flop 92. 
As the print bar 2 continues to move left read head 

34 (FIG. 2 and FIG. 3a) detects the sprocket S1 and 
produces a pulse which is transmitted through amplifier 
82 (FIG. 4), OR gate 84 and trailing edge detector 94 
to reset the resettable delay flop 96. The pulse from ampli 
fier 82 also is transmitted through AND gate 88 to reset 
the bar direction flip-flop 92 which in turn produces the 
bar left (BL) signal. The bar left (BL) signal is supplied 
to AND gate 6) in time to allow this first sprocket pulse, 
which is also applied to this AND gate 100 to be trans 
mitted thereby and OR gate 102 to the input of trailing 
edge detector 114 and to one input of the AND gate 118. 
As explained previously in connection with FIGURE 4 
additional sprocket pulses produced either by read head 
34 or read head 35 as the print bar 2 continues to move 
left will not be transmitted through AND gates 86 and 
88 until the next turnaround signal is produced by reset 
table delay flop 96. Further, as previously explained, only 
sprockets produced by head 34 will be transmitted via 
OR gate 102 since the bar direction flip-flop alerts only 
AND gate 100 when the bar is moving left. AND gate 
98, which transmits sprocket pulses from the head 35, is 
not alerted when the bar 2 is moving left. 
The output from OR gate E02 is not transmitted through 

AND gate 18 because flip-flop 90 is not producing the 
FS signal which is needed to alert AND gate 118. How 
ever, the output pulse from gate 102, which is produced 
in response to the detection of sprocket S1 by head 34, 
is transmitted through trailing edge detector 114. The 
trailing edge of this first sprocket pulse (as well as each 
of the other sprocket pulses generated as the bar 2 is 
moving left) is applied by detector 114 to one input of 
AND gates 120 and 108 and to the set input of flip-flop 
16. In response to this signal from the trailing edge de 
tector 114 the flip-flop 116 produces the SS signal and 
AND gate 108 transmits a signal to the set input of flip 
flop 112 which produces the scan signal. AND gate 108 
transmits a signal because the three signals applied thereto 
are simultaneously present, i.e. the print and run signals 
from flip-flops 106 and 91 respectively are present and 
when the trailing edge detector 114 produces a pulse, 
AND gate 108 responds to set the scan flip-flop 112. 
AND gate 120 does not transmit a signal because the 
run signal (from flip-flop 91) applied to another of its 
inputs is not yet available. 
As previously explained binary counter 150, in response 

to pulses from oscillator 148, constantly produces the 
read and write pulses. The first write pulse produced after 
flip-flop 112 is set is transmitted through AND gate 142 
to trailing edge detector 144 and the trailing edge of this 
Write pulse is applied to step cyclic counter 146. As shall 
be shown the cyclic counter 146 produces its series of 
outputs a number of times for each sprocket pulse. How 
ever, when the cyclic counter 146 is not cycling flip-flop 
166 (FIG. 5) in the last stage thereof is set. Consequently, 
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the first write pulse transmitted via AND gate 142 and 
trailing edge detector 44 causes the cyclic counter 46 
to be stepped to a count of C0. 
FIRST MEMORY SCANNED ARTER TURNAROUND 

SIGNAL (TA) 
Since the cyclic counter 146 is stepped by the trailing 

edge of the wire pulse the C0 signal is first produced as 
the read pulse from binary counter 5) is present. The 
C0 signal and the read pulse alert gates 328 through 324 
of the matrix shown in FIGURE 7. 

It will be understood that the print bar 2 is approaching 
a position where the first letter, GD, may be selectively 
printed in column 2 of the record 8 and the remaining 
63 characters of the font may be selectively printed in 
the remaining even columns of the record S. During the 
first memory scan the code (000000) for the first char 
acter type (G) in the font will be compared with the 
character representation in the second iocation (i.e., first 
even location) in the memory 20te; then the code 
(000001) for the character type A in the font will be com 
pared with the character representation in the fourth 
location in the memory 200; etc. This process will go on 
until the code (il 1111) for the 64th character type 2, 
is compared with the character representation in location 
128 in memory 200. During the operation wherever com 
parison is obtained between a character representation 
in a memory location and the character type approach 
ing the corresponding position on the record a flip-flop 
controlling the print hammer for the corresponding col 
umn position is set (see FIG. 2). The printing operation, 
i.e. the firing of the print hammers, will take place when 
the second sprocket S2 is detected by head 34. The secon 
sprocket S2 will also start a new memory scan. 

In order to perform the operations briefly described 
in the preceding paragraph the cyclic counter 46 must 
cycle sixty-four times for each sprocket pulse produced. 
Only on the first of these sixty-four cycles are all four 
counts C0, C1, C2 and C3 produced by counter 46. On 
the remaining 63 cycles only the counts C0, C2 and C3 
are produced. 
The events occurring during the first cycle of counter 

146, after a turnaround signal is produced and the first 
sprocket, Si, is detected by head 34 (F.G. 3a) will now 
be described. As indicated above the counter 146 was 
stepped to C6. The C0 count signal and the read signal 
from binary counter 850 alert AND gates 320 through 
324 in the matrix of FIGURE 7. Of these aforementioned 
elements only AND gates 322 and 324 will produce 
function signals. Gate 322 produces the 2 function signal 
in response to the read signal; the bar left signal from 
flip-flop 92; the FS signal from flip-flop 99 and the CO 
count signal. The flip-flop 90 was set by a turnaround 
signal to produce the FS signal and the bar direction flip 
flop was set to produce the BL signal when the print bar 
2 began moving left. AND gate 324 produces the 14 
function signal in response to the read signal and the C0 
count signal both of which are available at this time. 
The 12 function signal alerts AND gate 236 (FIG. 6a) 

via OR gate 234 to allow zeros stored in register 218 to 
be transmitted via AND gate 236 and OR gate 252 into 
the D register 254. The value zero is representative of 
the first letter (G) on the print bar 2. The 4 function 
signal renders AND gate 256 operative which transmits 
this value from the D register 254 via cable 259 into the 
B register 258. However, the D register 254 retains the 
representation of the first character, CD, on the print bar 
2 and is not cleared out when the transfer is made via 
AND gate 256. 
When the read signal terminates, the write signal is 

produced by binary counter 150. The write signal in com 
bination with the C output of cyclic counter 146 causes 
AND gate 325 (FIG. 7) to produce the 15 function sig 
na. The 15 function signal is transmitted via OR gate 
276 to one input of AND gate 274 (FIG. 6b). The other 
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input of AND gate 274 receives the constant value, plus l, 
from register 282. AND gate 274 transmits this value via 
OR gate 268 to one input of adder 302. The other input of 
adder 382 is connected via cable 255 to receive the con 
terts of the D register 254 which at this time stores the 
value 00000000 representative of the first character, GD, 
on the bar 2. The Sun output of adder 302 is transmitted 
via cable 365 to the input of gate 286 which is also alerted 
by the 15 function signal. The sum output of the adder is 
now equal to a value of 00000001 which is representative 
of the second character type, A, in the font on the print 
bar 2. This value is transmitted via gate 286 and cable 
287 to the control register 24. At the end of the write 
pulse, trailing edge detector 64 (FIG. 4) transmits a 
pulse to step the cyclic counter 146 to a count of C1. 
From FEGURE 5 it will be observed that the differ 

entiated output from the first stage flip-flop 160 of 
counter 46 is transmitted via AND gate 180 to the input 
of the second stage flip-flop 62 rather than to the third 
stage fiip-flop 54 via AND gate 178. This is true be 
cause the SS signal is present to alert AND gate 80. 
Hence, the step pulse from detector 44 now causes the 
court to shift from CC to C. 
The following read pulse and the CE output from 

counter 146 alert AND gates 328, 329 and 330 (FIG. 7). 
Of these three gates only AND gate 329 receives signals 
at all of its inputs; namely read, FS, BL and C1 and 
produces the 9 function signal. The 19 function signal 
is applied via OR gate 234 (FIG. 6a) to AND gate 236 
which again transmits the value representative of the 
first character on the bar 2 into the D register 254 via 
OR gate 252. 
The write pulse appearing on a count of C1 alerts gates 

33 and 332 (FIG. 7); however, only gate 331 receives 
signals at all of its inputs and produces the 2A output 
signal. The 21A signal is produced by gate 331 in re 
sponse to the write, BL and C signals. The 21A signal 
is applied to the input of AND gate 345 which produces 
in response thereto, the 21 function signal. Gate 345 is 
irhibited by an output from gate 46 in the matrix of 
FIGURE 8. However, when the standard print bar 2 is 
used no signals are generated by the martix of FIGURE 
8. The 21 function signal is applied via OR gate 276 
(FIG. 6b) to AND gate 274 which transfers the constant 
value plus 1 from register 282 to one input of the adder 
332 via OR gate 268. The remaining input of the adder 
332 is derived from the D register via cable 255. The 
sun output of the adder 302 available on cable 305 is 
eqai to a value of 00000001 and represents the second 
character type, A, on the print bar 2. Cable 305 is con 
nected to AND gate 288 which is also alerted by the 21 
function signal applied via OR gate 290. The output of 
gate 288 is transmitted via cable 289 to the input of the 
start code register 205. Therefore, the start code register 
296 also at this time will be storing a representation of 
the second character type in the font in line with sprocket 
S3. That is, after a sprocket is detected the SCR register 
206 stores a representation of the character type which 
is 2 characters away from that sprocket. 
As before the trailing edge of the write pulse sensed 

by the trailing edge detector 44 causes the cyclic counter 
146 to shift now to a count of C2. The read signal pro 
duced during the count of C2 alerts AND gates 335, 336 
and 337 (FIG 7). Of these three AND gates only AND 
gate 336 receives signals on all its input lines namely; read, 
SS, BL and C2. The SS signal is derived from the set 
output of flip-flop 116 which had previously been condi 
tioned to produce the SS signal by an output from OR 
gate 102 in response to the detection of the first sprocket 
S. AND gate 336 produces the 33A signal which is 
transmitted through AND gate 348 and appears as the 
33 function signal. Gate 348 can be inhibited by outputs 
from AND gates 45 or 47 of FIGURE 8. 
The 33 function signal is applied via OR gate 217 

(FIG. 66t) to the input of AND gate 238 which trans 
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mits the base address plus 1 from register 26 via the 
OR gate 252 to the D register 254. As indicated above, 
the constant value stored in register 26 is equal to two 
(00000010). The write pulse generated during a count of 
C2 causes AND gates 338 and 339 to produce the 24A 
signal and 25 function signal, respectively. The 24A signal 
is transmitted via gate 349 which in turn produces the 
24 function signal. AND gate 349 can be inhibited by 
the output of gate 44 from FIGURE 8. 
The D register 254 (F.G. 6a) is connected to the 

memory address register 262 via cable 257 and AND gate 
250. This gate is rendered operative by the 25 function 
signal so that the value 2 (0.0000010) in the D register 
254 is transmitted into the memory address register 282 
to specify and address the first even location in the 
memory 200. 
The 24 function signal renders gate 270 (FIG. 6b) 

operative to transmit the constant value plus 2 from 
register 278 via OR gate 268 to one input of adder 362. 
The other input to the adder 392 is derived from the D 
register 254 via cable 255. The sum (a value of 4) 
produced by the adder 302 is transmitted via cable 365 
to one input of AND gate 284. Function signal 24 also 
renders gate 284 operative via OR gate 283 and the sum 
just produced by the adder 302 is transmitted from AND 
gate 284 via cable 268 to the print buffer address 
register 208. 
At this point the print buffer address register 288 is stor 

ing a value which will be used when the cyclic counter 
46 goes through another cycle of operation to specify 

the next address (even) in the memory to be accessed; 
the control register 204 contains a representation of the 
character type approaching the columnar position on the 
record 8 associated with the next even address (i.e. loca 
tion 4) in the memory; and the start code register 265 
contains a representation of a character type on the bar 
2 which may be printed in the first even column on the 
record after the next sprocket, i.e. S2 (FIG. 3a) is 
detected. 
As before the trailing edge of the write pulse steps the 

cyclic counter 146; now to a count of C3. The next read 
pulse in combination with the C3 count renders AND 
gate 341 (FIG. 7) operative which in turn produces the 
27 function signal. The 27 function signal is applied to 
AND gate 306 which transmits the contents of the memory 
location specified by the value (00000010) in memory ad 
dress register 202 to the D register 254 via OR gate 252. 
At this time the location addressed in memory 200 is the 
second location therein which contains the character to 
be printed in the first even column of the record 8. AND 
gate 306 can be inhibited by the T signal which is gen 
erated by the control matrix of FIGURE 8. 

During the count of C3, the next write pulse from 
binary counter 150 causes gate 342 to produce the 28 
function signal. The 28 function signal is applied to one 
input of AND gates 264-1 to 264-8. Each of these AND 
gates also receives one of the bits stored in the B register 
258 via cable 259 and complementer 260. It will be under 
stood that since the output of the B register 258 is applied 
via complementer 260 to gates 264-i etc. that wherever 
a one bit appears in the code stored in the B register 258, 
complementer 260 will change that one bit to a zero bit. 
In other words the complementer 260 forms the 1's com 
plement of the value in the B register 258 and applies it 
to the input of gates 264-1 to 264-8. The outputs of 
these AND gates are transmitted via OR gate 268 to the 
input of adder 302. Antoher input of the adder 302 re 
ceives the contents of the D register 254 via cable 255. 
From the above description it will be appreciated that, 
at this time, the D register 254 is storing the contents of 
second location in memory 200 which represents the char. 
acter to be printed in the second column of the record 
and the B register 258 stores a representation of the char 
acter type approaching the second column of the record 
8. These two values are transmitted to the adder 302 which 
effectively subtracts the value stored in the B register 258 
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28 
from the value stored in the D register 254. In order that 
that this subtract operation takes place the 28 function 
signal is applied to the adder to insert a fugitive 1 into 
the computation so that the 2's complement the value in 
the B register 258 is added to the value in the D register 
234. If the contents of the B register 258 and the D reg 
ister 254 are the same an output is produced on line 
397 which is applied to single AND gate 292. AND gate 
292 is also rendered operative by the 28 function signal 
and can be inhibited by the MAR129 signal from the 
address register 282 and outputs from either gates 41 or 
42 from the matrix of FIGURE 8. If the character repre 
Sentations in the B register 258 and D register 254 are 
the same gate 292 will transmit a signal to one input of 
64 gates 296-1 to 296-64. However, only one of these 
gates will transmit a signal from the output of AND gate 
292. In this case AND gate 296-1 is rendered operative 
by an output from OR gate 294-1. In particular, OR gate 
294- transmits the MAR2 signal to render AND gate 
296-3 operative. The MAR2 signal is produced when the 
second location in memory 290 is addressed. An output 
from AND gate 296-1 is applied to the set input of flip 
flop. 298-1 which for the time being stores the fact that 
comparison was obtained between the representation of 
the character stored in location 2 of memory 200 and the 
representation of the character type approaching column 
2 of the record 3. 

Also during the count of C2 AND gate 344 (FIG. 7) 
produces the 39 function signal which is used to reset both 
flip-flops 90 and 16 of FIGURE 4. Accordingly, after the 
first cycle of counter 46 the FS and SS signals are re 
moved and the FS and SS signals are generated by fip 
flops 90 and ES5, respectively. It is preferable that the 
32 function signal not be a DC signal but be a pulse suit 
able for resetting flip-flops 90 and 116 of FIGURE 4. 
This can easily be obtained by inserting a differentiator 
between the output of ANED gate 344 and the reset inputs 
to the aforementioned flip-flops. 

During the aforementioned operations that took place 
during the counts of CO through C3, the print bar 2 has 
moved only a very small distance to the left and still 
occupies substantially the same position as shown in FIG 
URE 3a. The trailing edge of the write pulse from binary 
counter 150 again, in the manner previously described 
causes the cyclic counter to be stepped now back to a 
count of CO. In the Second cycle of operation and the ones 
to follow, the count of C. from cyclic counter 146 is 
skipped. During the second cycle for counter 146 the 
contents of memory location 4, i.e. character to be printed 
in the fourth column of the record 8 will be compared, 
against the letter. A which is approaching the fourth 
column of the record. During this count of CC (in the 
Second cycle as well as the ones to follow) the same 
signals previously generated do not appear because the 
FS signal is no longer available and instead the FS signal 
controls the gates of the matrix of FIGURE 7. In partic 
ular, when the read signal is applied AND gates 320 and 
325 produce the G and 4 function signals. AND gate 
320 receives the read, FS, SS and CG count signals and 
AND gate 324 receives the read and C0 count signals. 
None of the remaining gates 32 to 323 alerted by the 
read and C signals produces an output at this time since 
at least one of the remaining necessary signals on each 
of these AND gates is not present. 
The G function signal activates gate 244 (FIG. 6a) to 

transfer the contents of the control register 204 via OR 
gate 252 to the D register 254. As noted above control 
register 204 at this time stores the representation 
(00000001) of the second character type (A) on the bar 2 
which is approaching column 4 of the record. The 14 
function signal allows the contents of the D register 254 
representative of a character type to be transmitted 
through AND gate 256 into the B register 258. 
The following write pulse from counter 150 (FIG. 4) 

causes AND gate 325 (FIG. 7) to produce the 5 func 
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tion signal which in turn alerts AND gate 274 (FIG. 6b) 
via OR gate 276 to transfer the constant value plus 1 
from register 282 to one input of the adder 302 via OR 
gate 268. The contents of the D register 254 are also 
transmitted to the adder 302 via cable 255. The sum, a 
value of 2 (0.0000010), produced by adder 362 is repre 
sentative of the third character type on the bar 2 which 
is now approaching column 6 of the record 8. This value is 
transmitted via cable 305 and gate 286, also alerted by 
the 15 function signal back to the control register 204 
via cable 287. At the trailing edge of the write pulse, 
counter 146 is again stepped in the same manner previous 
ly described. However, an examination of FIGURE 5 
reveals that the differentiated output from the first stage 
flip-flop 160 of counter 146 is now transmitted through 
AND gate 78 to the set input of 64 to produce the C2 
count signal, and the count of C is skipped. AND gate 
178 is alerted by the SS signal which is produced by flip 
flop 116 after the first cycle of operation of counter 46. 

During the count of C2 when the read signal is present, 
only AND gate 337 (FIG. 7) produces a function signal, 
namely the 23 function signal. Gate 337 is rendered 
operative by the read signal, the SS signal and the C2 
count signal. None of the remaining AND gates controlled 
by the C2 count signal and the read signal receive all 
the inputs necessary to render that gate operative. The 23 
function signal is applied to AND gate 248 (FIG. 6a) 
which transmits the value stored in the print buffer address 
register 208 to the D register 254 via OR gate 252. The 
value presently in register 208 is a 4. This value is used to 
ultimately address the memory 200 so that the character 
for the Second even location (column 4) in the memory 
200 can be compared with a character type approaching 
the second even column (i.e. column 4) of the record 8. 
The write pulse that follows on a count of C2, as previ 
ously described, causes the generation of the 24 and 25 
function signals. As noted above the 25 function signal 
renders gate 250 (FIG. 6a) operative so that the value 
in the print buffer address register 208 may be transmitted 
from the D register 254 via cable 257 into the memory 
address register 202. Memory address register 202 will 
not only address the memory at location 4 but will also 
produce the MAR4 signal. 
The trailing edge of the write pulse steps the counter 

146 from a count of C2 to a count of C3. The read signal 
available at a count of C3 causes AND gate 34 to 
produce the 27 function signal which renders AND gate 
306 operative so that the contents of the memory location 
(i.e. location 4) designated by the value stored in register 
202 can be transmitted through OR gate 252 into the D 
register 254. At this time the D register 254 stores the 
character for the fourth column of the record 8 and the B 
register 258 stores a representation of the character type 
approaching that column of the record. The write pulse 
from binary counter 150 during the count of C3 causes 
AND gate 342 (FIG. 7) to produce the 28 function signal. 
As before the 28 function signal causes the complemented 
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value in the B register 258 to be transferred to one input 
of the adder 302. The other input to adder 302 is derived 
from the D register 254. Again the value in the B register 
258 is subtracted from the value of the D register 254. 
If comparison is obtained a pulse is produced on line 
307 which is transmitted via AND gate 292 to all of 
the AND gates 296-1 to 296-64. Only the second of these 
gates namely 296-2 (not shown) will transmit a pulse 
since this gate would be alerted by the MAR4 signal. 
The output of this gate 296-2 would set a flip-flop. 298-2 
(not shown) associated with the print hammer of FIG 
URE 2 for the third and fourth columns of the record. 
The cycling of counter 146 continues in this manner 

until the contents of every even location in memory 200 
is compared in order with all the character types in the 
font on bar 2. The last even location in the memory 200 
to be addressed is location 128. When this occurs the 
MAR128 signal is produced by register 202 (FIG. 6a) 
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and is applied via OR gate 110 (FIG. 4) to reset the scan 
flip-flop 12. When reset, flip-flop 112 removes the scan 
signal from AND gate 142 to thereby prevent further 
Write pulses from stepping the cyclic counter 146 via 
trailing edge detector 44. The MAR signals are pro 
duced at a count of C3 from cyclic counter 146 and hence 
the cyclic counter remains at this output until the scan 
flip-flop 112 is reset. Again here it may be desirable that 
the input through OR gate 10 include a differentiator to 
prevent a steady state signal from keeping the scan flip 
flop 112 in its reset condition. 

After all the memory locations, i.e. the even location 
in this case, have been compared with all of the represen 
tations of the character types on the bar it is possible that 
all of the flip-flops 293-1 to 298-64 would be set. This 
Would occur when the complete font is printed in order 
in alternate even character spaces on the record 8. How 
ever, for the purpose of this explanation assume for the 
moment that as a result of this first scanning of the 
memory only the flip-flops 298-1 and 298-64 have been 
set to indicate that the character GD should be printed in 
column 2 and the character ? should be printed in column 
128. After all the 64 cycles of the counter 146 have taken 
place the print bar 2 moves to the left a distance so that 
the sprocket S2 (FIG. 3b) is detected by head 34. In 
Tesponse to sprocket S2 head 34 produces the L signal 
which is applied via amplifier 82, AND gate 100, OR 
gate 102 to the input of the print fire AND gate 118 
(FIG. 4). This gate also receives the print signal from 
flip-flop 106 and the FS signal from flip-flop 90. Both of 
these signals are present and when OR gate 102 trans 
mits a signal to AND gate 118 the fire pulse is generated. 
The fire pulse is applied to the reset inputs of all of the 
flip-flops 293-1 to 298-64 of FIGURE 6. Those that 
have been previously set will be reset and will produce a 
pulse at this time which is applied by differentiators 
30-1 to 360-64 to the windings of individual ones of 
the print hammers on FIGURE 2. In the example given 
above the hammer covering column spaces 1 and 2 will 
be fired to print the character G in column 2 and the 
hammer associated with columns 127 and 128 will be fired 
to print the character ? in column 128. 
The output of AND gate 102 generated in response to 

the second sprocket S2 causes trailing edge detector 14 
to produce a signal that sets flip-flop 16 and is applied 
to one input of AND gate 108. Flip-flop 116 again pro 
duces the SS signal. AND gate i08 again will transmit a 
signal since the remaining two inputs to this element are 
present, i.e. the print signal and the run signal. The out 
put of AND gate 108 sets the scan flip-flop. 12 which 
in turn activates AND gate 142. The next write pulse 
from binary counter 152 is transmitted through gate 42 
and is detected by element 44 to cause the cyclic counter 
i45 to be stepped from a count of C3 to a count of C0. 
The C0 count signal and the following read pulse alert 
gates 320 to 324 of FIGURE 7. Of these AND gates 
only gates 32; and 324 have signals applied to all their 
inputs and produce the function signals 1 and 14. Func 
tion signal 11 is applied to AND gate 246 via OR gate 
250. AND gate 246 enables the contents of the start code 
register 296 to be transmitted via the OR gate 252 to the 
D register 254. It will be recalled that the start code reg 
ister 206 stores the character representation for the second 
letter (A) in the font which is now approaching the 
second column of the record 8 (see FIG. 3b). The 14 
function signal allows the same value to be transferred 
via gates 256 into the B register 258 while remaining in 
the D register 254. The next write pulse from binary 
counter iS) during a count of C0 causes AND gate 325 
to produce the 15 function signal which alerts AND gate 
274 (FIG. 6b) via OR gate 276. AND gate 274, as pre 
viously described, transfers the constant "plus 1' from 
register 282 to the input of the adder 302 via OR gate 
268. The other input to the adder 302 is applied from the 
D register 254 via cable 255. The contents of the D reg 



ister 254 are increased by one by the adder 32 and the 
Suin is available on line 305. The sum output of 00000010 
is representative of the third character in the font. This 
sum output is transmitted from the adder 302 via gate 
285, also alerted by the 15 ftinction signal, and cable 
287 back to the control register 294. 
The trailing edge of the write pulse 

46 to a count of CE. 
It will be recalled that the flip-flop 5.6 (FEG. 4) has 

been again set by the output of trailing edge detector : é 
produced in response to the second sprocket S2 and again 
flip-flop 6 produces the SS signal. The SS signal is ap 
plied to AND gate 88 of the cyclic counter 545 (F.G. 5) 
so that when the first stage fip-flop E63 is reset a signal 
is transmitted through gate E80 to the second stage flip 
flop 62 which produces the C signal. 
The control matrix of FIGURE 7 at a count of CS 

operates to produce the same function signals previously 
generated on this count after the detection of this first 
sprocket S. Accordingly, at the end of this step the start 
code register 26 stores a representation of the character 
type which will be approaching the Second column of 
the record when the third sprocket S3 is detected. The 
operation of the printing device for the C2 and C3 counts 
for the first cycle of counter 46 after sprocket S2 is 
detected is the same as previously described. After the 
first cycle of operation, for the second sprocket S2, the 
cyclic counter 46 produces counts C6, C2, and C3 sixty 
three times so that all the characters in even location in 
memory 200 are compared with the representations of 
the character types on the print bar 2. When sprocket S3 
is detected the print hammers (FIG. 2) are Seiectively 
fired and a new memory scan takes place. This operation 
continues until the 64th sprocket S64 (FIG. 3) is de 
tected by head 34. When this occurs the character types 
d and 2 (from the first font) will be opposite columns 
2 and 4 of the record 8 and the character types (), A etc. 
from the second font will be opposite the remailing even 
columns of the record 8. The detection of the sixty 
fourth sprocket S64 indicates that the last memory scan 
of the even locations in the memory is to take place since 
the print bar 2 has almost completed its leftward motion. 
It will be appreciated that during the C5 Step (first cycle 
of counter 46 after a sprocket is detected) the value in 
the start code register 206 (FG. 6a) is increased by 1 
and represents the code of the character type which is 
two characters away from the Sprocket just detected and 
which is approaching column 2 of the record 3. Thus 
during the Ci step following the detection of the 63rd 
sprocket S63 the value 00111111 representative of the 
character type 2 in the font is stored in the start code 
register 206. In the CC step as explained above the con 
tents of the start code register 26 are trailsferred to 
the D register 254 and the B register 258 (FIG. 6a). in 
particular, in the C6 step immediately following the de 
tection of the sprocket S64, when the bar is moving left, 
the representations 00111111 of the last character type 
“?' is transferred into the B register 258. This indicates 
that the print bar is nearly at the end of its leftward mo 
tion and only one more memory Scan operation is needed. 
The B decoder 262 (FIG. 6a) is coupled to the B reg 
ister 258 and produces the LC signal when the repre 
sentation of the last character ? in the font is stored in 
the B register 258. The LC signal is applied to AND 
gate 95 (FIG. 4) along with the CE count signal and the 
BL signal from the bar direction fip-flop 92 (FIG. 4). 
Accordingly, when the cyclic counter 46 steps to a 
count of C, AND gate 95 transmits a pulse through OR 
gate 97 to reset the run flip-flop 9 which in turn pro 
duces the run signal. The run signal is applied to AND 
gate E20 and the run signal from flip-flop 91 is removed 
from AND gate 68. 
When the 65th sprocket S65 is detected a pulse again 

is transmitted through amplifier 32, AND gate 69, OR 
gate 102 to the trailing edge detector 14 and to fire AND 

steps the counter 
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. ad-like of lip-flop 22 via OR gate The output of AND 
gate 2) is also applied to one input of AND gate i40 
which receives the set output of flip-flop 22 through de 
lay element E.25. The delay element 26 is chosen to 
impede the set output signal derived from flip-flop. 122 
for a time equai or greater than the pulse width of the 
signal from AND gate 29. Accordingly, AND gate 140 
does not transmit a signal at this time. However, the set 
Cutput of fli-flop E22 applied through delay element 26 
alerts AN: gate 439 and the next pulse through AND 
gate E26 will be transmitted as an end signal. As shall 
be showin Ali'i) gate 22 will transmit a pulse after the 
priat bar has completed its motion in the opposite direc 
tion, i.e. in this case has completed its rightward motion. 
The output of GR gate 62 transmitted to AND gate 

Si3 causes the fire pulse to be generated which is applied 
to the reset inputs of flip-flop. 298-1 through 293-4 
(FIG. 6b). The fire pulse produced in response to the 
65th Sprocket S65 caused all the characters to be printed 
in even column locations of the record 8 which should 
be printed as a result of the comparisons which took 
place after sprocket S64. 

However, the pulse produced from trailing edge detector 
3:4 in response to Sprocket S65 is not transmitted through 
AND gate 18 to set the scan flip-flop 2 because the 
run signal from flip-flip 91 is no longer present to alert 
gate 68. Thus, the memory 200 is not scanned in re 
sponse to sprocket S65. 

After the print bar has completed its motion in the left 
direction all the characters have been printed in the even 
locations of the record 3. 
To complete the printing operation the characters for 

the odd columns of the record 3 must be printed, and this 
is accomplished as the print bar 2 moves right. The de 
Scription relating to the printing of characters in the odd 
columns will not be presented in detail, since this opera 
tion is similar to the printing of characters in the even 
columns of the record. Only the differences in operation 
will be treated. 

After the print bar turns around, the TA signal from 
resettable delay flop 96 (FIG. 4) alerts AND gate 86 
which transmits the first sprocket (S65) detected by head 
35 (FIG. 3c) to the set input of the bar direction flip-flop 
92. This flip-flop in turn produces the bar right (BR) sig 
nal which is applied to AND gate 98. As previously ex 
plained when the print bar 2 is moving right only sprockets 
detected by head 35 and transmitted by amplifier 80 will 
reach the trailing edge detector 4 via the path compris 
ing AND gate 98 and OR gate 102. The pulses produced 
at the output of OR gate 82 control the fire AND gate 
18 and the trailing edge detector 14 as previously de 
Scribed in connection with the leftward movement of the 
print bar. Further, the output of the trailing edge detector 
14 controls flip-flop 6, AND gate 120 and AND gate 
568 in the same manner previously described. All those 
flip-flops and gates actuated by the turn-around signal 
(TA) in connection with the description of printing when 
the print bar was moving left are again actuated when 
the print bar 2 is moving right. All of the apparatus on 
FIGURE 4 operates as previously described except that 
(1) the path comprising amplifier 80, AND gate 98 and 
OR gate 62 is used to transmit sprocket pulses instead of 
the path comprising amplifier82, AND gate 69 and OR 
gate 562; (2) AND gate 93 which receives the bar right 
signal will be used to reset the run flip-flop 91 via OR gate 
97 instead of AND gate 95 which receives the bar left 
signal; and (3) the scan flip-flop 12 is reset by a MAR127 
signal via OR gate SiC instead of the MAR128 signal. 
The MARS27 signal is used because address 27 in mem 
ory 280 is the last odd location utilized in every memory 
Scan when the print bar 2 is moving right. 
A difference in operation occurs when the first C0 count 

is produced by counter 46 immediately after the TA sig 
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nal is generated. When the print bar 2 was moving left at 
this time AND gate 322 (FIG. 7) was activated to pro 
duce the 12 function signal. This signal, it will be recalled, 
caused AND gate 236 (FIG. 6a) to transmit the code 
from register 218 representative of the first character in 
the font into the D register 254. However, when the print 
bar 2 is moving right it is necessary to transfer the code 
representative of the last character type 2 in the font to 
the Dregister 254 because this character type is approach 
ing column 1 of the record 8. For this reason the 13 
function signal is generated by AND gate 323 (FIG. 7) 
which is applied via OR gate 230 to one input of AND 
gate 242 (FIG. 6a). In response to the 13 function sig 
nal AND gate 242 transmits the value 00111111 stored 
in register 220 representative of the last character type 
(?) in the font into the D register 254 via OR gate 252. 
This code representation is transmitted to the B register 
258 and to the adder 302 where a one is added to it be 
fore this representation is transmitted to the control reg 
ister 204 via AND gate 286 and cable 204. The value in 
the B register 258 at this time is representative of the 
last character in the font and that character is approach 
ing column 1 of the record (see FIGS. 3c and 3d). The 
value in the control register 204 will be all zeros 

(111111-1=000000) 
and this code representation is representative of the char 
acter G) which is approaching column 3 of the record 8. 
It will be noted that AND gate 286 does not transmit the 
two most significant digits of the sum produced by adder 
302 to the register 206. As before the contents of the con 
trol register 204 will be increased by 1 each time the mem 
ory 200 is addressed at a new location. 
The second difference in operation takes place during 

the C1 count immediately after the TA signal is gen 
erated. When the print bar was moving left, at this time, 
AND gate 329 was operated to produce the 19 function 
signal. The 19 function signal again caused AND gate 236 
to transmit zeros from register 218 into the D register 254 
via OR gate 252. However, when the print bar 2 is mov 
ing right the 19 function signal is not generated and the 
20 function signal is generated by AND gate 330 (FIG. 
7) in its place. The 20 function signal causes AND gate 
242 to transmit the code representation for the last char 
acter in the font from register 220 to the D register 254 
via OR gate 252. 
As before during the C step the contents of the D reg 

ister 254 are transmitted to the adder 302 to be modified 
and then deposited into the start code register 206. In the 
previous case when the bar was moving left this modifica 
tion was accomplished by the function signal 21 produced 
by AND gate 330 of matrix 7. However, this gate is not 
selected since it requires a bar left signal. AND gate 332 
(FIG. 7) which receives the bar right signal and the C1 
count signal as well as the write pulse is selected to pro 
duce the 34 function signal via AND gate 346. The 34 
function signal causes AND gate 272 (FIG. 6b) to trans 
mit the contents of register 280 to one input of the adder 
302. The other input of the adder 302 at this time will 
come from the D register 254 which is storing a repre 
sentation of the character font on the print bar which will 
next be printed in column 1 of the record. The value in 
register 280 is a minus 1 and therefore the output of the 
adder 302 on cable 305 is representative of the character 
type which precedes the character 2. This code representa 
tion is transmitted as before during the C1 step to the 
start code register 206. It will be appreciated that the start 
code register 206 is used to store character representa 
tions of character types which are either approaching 
column 2 or column 1 of the record 8 depending upon 
whether the print bar 2 is going left or right. When the 
bar is going left the character types approaching column 
2 of the record are represented by codes which increase 
in value. The opposite is true when the print bar 2 is 
going right and character types which approach column 
1 of the record are represented by codes which decrease 
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in value. When the print bar 2 is moving right the code 
representation to be stored in the start code register 206 
must be decreased by 1 for every count C1 which is pro 
duced by the cyclic counter 146. 

Finally another difference in operation is to be noted 
and this takes place during the first C2 count by cyclic 
counter 146 after each sprocket is detected (i.e. when 
the SS signal is present). When the print bar 2 was mov 
ing left the 33 function signal was generated which caused 
the base address plus 1 (a value of 2) to be transferred 
from register 216 through AND gate 238, and OR gate 
252 into the D register 254 from whence it was trans 
ferred via AND gate 250 into the memory address reg 
ister 202. The value in the register 296 designates the 
first even location in the memory 200. It will be recalled 
that this address was increased by 2 during each cycle 
of counter 146 so that when the print bar 2 was moving 
left only even addresses were used to access the memory 
200. However, when the print bar 2 is moving right AND 
gate 335 in the matrix of FIGURE 7 is made operative 
by the BR signal, the SS signal, and the read signal to 
produce the 32 function signal via AND gate 347. The 
32 function signal is applied via OR gate 310 to render 
AND gate 240 (FIG. 6a) operative to transfer the base 
address (a value of 1) from register 24 via OR gate 
252 into the D register 254. As before this value is trans 
mitted into the memory address register 202 via AND 
gate 250. Thus, when the print bar 2 is moving right 
the first location to be addressed is memory location 1 
and the additional locations during each Scan Will be odd 
since the base address is constantly increased by a value 
of 2. 

Other than noted above the printing of characters in 
odd columns of the record 8 is substantially the same as 
printing characters in the even locations. 
When the print bar 2 has almost completed its right 

ward motion preparations must be made to end the print 
ing operation. To this end it will be appreciated that when 
the representation for the character G)) is stored in the 
D register 258 the last memory scan is at hand. At this 
time the character type G is approaching column 1 of the 
record, character type A is approaching column 3 of the 
record and the type B etc. (all of the first font) are 
approaching the remaining odd columns of the record. 
This will occur when sprocket S2 is detected by head 35. 

During the first cycle of operation after sprocket S2 
is detected the code (00000000) for the first character 
type, GD, in the font will be in the B register 258 and 
accordingly the B decoder 262 (FIG. 6a) generates the 
first character (FS) signal. When the C1 count is pro 
duced by counter 146 during this first cycle after the 
sprocket S2 is detected, AND gate 93 (FIG. 4) will trans 
mit a signal to reset the run flip-flop 91 via OR gate 
97. Accordingly, the run signal is removed from AND 
gate 108 and the run signal is applied to AND gate 120. 
When the last sprocket S1 is detected as the print bar 2 

moves right the print operation is terminated. In particu 
lar, when sprocket S1 is detected a signal is transmitted 
via annplifier 80 (FIG. 4), AND gate 98 and OR gate 
102 to the input of fire AND gate 18 and to the input 
of the detector 14. This last sprocket causes AND gate 
118 to produce the fire pulse which is applied to flip-flops 
298-1 to 298-64 (FIG. 6b). These flip-flops, as before, 
cause all the characters to be printed in columns of the 
record 8 where comparison was obtained after reading 
out (scanning) the characters in the memory 200 and 
comparing them with the character types on print bar 2 
approaching corresponding columns of the record 8. 
The output of OR gate 102 is not transmitted via AND 

gate 108 to again set the scan flip-flop 108, and thus 
the memory 02 is not scanned after the sprocket S1 is 
detected when the print bar is moving right. AND gate 
108 is not operative because the run signal has been 
removed from its input. 

Finally the output of trailing edge detector 114 is 
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transmitted via AND gate 120 because the run signal and 
the print signal are present. The output of AND gate 120 
is applied to end gate 140 which is alerted by the set 
output of end flip-flop 122. End flip-flop. 122 was set pre 
viously when the print bar 2 finished its first movement 
(i.e. completed its leftward motion) across the record 8. 
AND gate 140 produces the end signal which resets the 
print flip-flop 106. Therefore the set output of this flip 
flop is removed from AND gate 108 which controls 
signals to again set the scan flip-flop 112. Accordingly, 
Gate 108 will not thereafter transmit additional sprocket 
signals to again set the scan flip-flop i2. Accordingly, 
the cyclic counter 146 will not be stepped until a new 
print operation is commenced, that is, until a new instruc 
tion is transmitted from the computer. 

It will be understood that the printing operation could 
have started as the print bar 2 was moving right. In this 
case the print operation terminates after the print bar 2 
completes its leftward swing. 

In the second mode of operation the offset bar 2A 
shown in FIGURE 9 is employed with the apparatus of 
FIGURES 1 and 2. 
When the offset bar 2A is employed the flow of infor 

mation between the various elements of FIGURE 6 is 
controlled by the function signals emanating from the 
matrix of FIGURE 8 as well as the matrix of FIGURE 7. 
The apparatus responsive to sprockets on FIGURE 4 

including counter 146 operates substantially as previously 
described. Only one additional signal is employed in 
connection with FIGURE 4 and that is the MAR129 
signal applied via OR gate 110 to reset the scan flip-flop 
112. The use of the MAR129 signal shall be explained 
below. 

in the second mode of operation only the character 
types in the first portion of the fonts are used. That is, 
only character types of the first font as shown in FIG 
URE 9 which are opposite even columns of the record 8 
and their corresponding character types in the second font 
are used for printing in the second mode of operation, 
i.e. where a limited set of alpha-numeric characters are 
printed. In this mode of operation characters are printed 
(using the first portions of both fonts) in even columns 
of the record 8 as the print bar 2A moves left and char 
acters are printed in odd columns as the print bar 2A 
moves right. 

In general the printing operation for the second mode 
is similar to that already described and only the differ 
ences between the first and second printing modes will 
be discussed in detail. All of the signals generated by the 
control matrix of FIGURE 8 will be discussed. In de 
scribing the printing operation it will be assumed that 
printing is commenced as the print bar 2A moves left 
and that the first sprocket S has already been detected. 
That is, the bar 2A is as shown in FIGURE 9 with respect 
to the record 8. 
When the offset bar 2A is used switch 405 (FIG. 8) 

is closed and contacts terminal 405a. Switch 405 applies 
the 48/16 signal to the matrix of FiGURE 1 and alerts 
all of the AND gates 40 to 50 on FIGURE 8. 

In the second mode of operation an instruction indi 
cating that alpha-numeric characters should be printed 
is applied by the computer or other external source (not 
shown) to reset flip-flop 404. The reset output of flip-flop 
404 produces the NUM signal which is applied to gate 41. 
The first signal generated by the matrix of FIGURE 8 

to be discussed is the translate signal (T). The translate 
signal is applied to alert gate 304 (FIG. 6a) and to in 
hibit AND gate 306. The T signal is produced by gate 40 
(FIG. 8) in response to the 48/16 signal and to the C3 
count signal from cyclic counter 146 (FIG. 4). It will be 
recalled that 27 function signal (see gate 341, FIG. 7) 
alerts AND gates 304 and 366 (FIG. 6a) each time the 
C3 count signal is produced. At this time the contents of 
a selected location in memory 200 is transmitted via AND 
gate 306 or 304 and the translator 212 to the D register 
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254 for comparison with the contents of the B register 
258. The B register 258 stores representations of charac 
ter types on the print bar 2A. These representations are 
formed, as previously explained, so that the first character 
type in the 64 character font is represented by a binary 
value having all zero bits (i.e. zero) and the last char 
acter in the font is represented by a binary value having 
all one bits (i.e. 63). From the previous description of 
the fonts and by comparing FIGURES 3 and 9 it can be 
seen that the character types on the first or standard bar 
(FIG. 3) are not all the same as the character types on 
the offset bar (FIG. 9), and those that are the same may 
be in different positions on the print bars. Thus, for ex 
ample, when the first print bar 2 (FIG. 3) is used, the B 
register 258 will store a value equal to one in binary 
form when the character type A (second character in the 
font on the first print bar 2) is compared with the con 
tents of a location in memory 260. When the second offset 
print bar 2A is used the B register 258 will store a value 
equal to zero in binary form when the character type A 
(first character in the font on offset bar 2A) is being 
compared with the contents of a location in the memory 
200. The memory 200 stores character representations in 
the same code notwithstanding which print bar is used. 
The code chosen for the storage of characters in memory 
200, in this specific embodiment, is the same as the code 
for the character types on the first print bar 2, so that 
the representation of the character A in the memory is 
the binary equivalent of zero. To make the code repre 
sentations in the memory 200 compatible with the code 
representations of the character types on the second bar 
2A, the translator 212 is employed. The translator 212 
may comprise a gating array which detects the characters 
from the memory in the aforementinoed code and converts 
that representation into a code compatible with the rep 
resentations of the character types from the offset print 
bar 2A. For example, one of the AND gates in the matrix 
comprising the translator 212 detects the combination of 
binary bits representing the letter A in the memory 200 
and converts it into a combintion of bits representative of 
the character type A on the print bar 2A. Other gates in 
the translator 212 perform similar functions for other 
characters in the memory 200 which are to be printed by 
the offset print bar 2A. 
The next signal to be discussed is the output produced 

by AND gate 41. AND gate 41 produces a signal which 
inhibits AND gate 292 (FIG. 6b) in response to the out 
put of switch 405; the C3 count signal from cyclic counter 
146 (FIG. 4); the NUM signal from flip-flop 404; and 
the OSN signal from the B decoder 262 (FIGS. 6a and 
10). It will be recalled that AND gate 405 (FIG. 10) 
of the B decoder 262 produces the OSN (offset numeric) 
signal for each of the sixteen codes having the values from 
010000 to 0.11111 and that these codes are representative 
of the 16 character types in the offset portion of the print 
bar 2A. Obviously as the counter 146 cycles these code 
representations will be generated and stored in the B 
register 262. Further, it will be recalled when the C3 count 
signal and the write pulse (from binary counter 150, FIG. 
4) are present that AND gate 342 (FIG. 7) produces the 
28 function signal. The 28 function signal allows the con 
tents of the B register 258 (FIG. 6a) storing a representa 
tion of the character types to be transmitted via gates 
264-1 to 264-8 (FIG. 6b) to the adder 302 at the same 
time the contents of the D register 254 transfer a character 
representation from a selected location to the adder 302. 
If the result from the adder 302 shows that the contents 
of the B register 258 and D register 254 are the same, 
an output is produced on line 307 (FIG. 6b). This out 
put is transmitted via AND gate 292 to the set input of 
one of the flip-flops 298-1 to 298-64. These flip-flops 
298-1 etc. cause the print hammers of FIGURE 2 to be 
actuated. However, in this mode of operation character 
types from the offset portion are not used. To this end 
the output of AND gate 41 (FIG. 8) inhibits AND gate 
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292 (FIG. 6b) each time one of the aforementioned code 
representations of an offset type is stored in B register 
258 and is being compared with the contents of the D 
register 254 (FIG. 6a). 
AND gate 42 is controlled by the NUM signal from 

flip-flop 404 which is not present in this mode of opera 
tion and hence this AND gate will not be discussed at 
this time. 
AND gate 43 produces the 128 function signal in re 

sponse to the output of switch 405 to C3 count, the OSN 
signal and NUM signal from flip-flop 404. Again, since 
the NUM signal is not present this AND gate and the 
signal produced thereby will not be discussed at this 
time. 
The signals from the matrix of FIGURE 8 next to be 

considered are the 121 and 134 function signals produced 
at the outputs of AND gates 46a and 49a. AND gate 46a 
is operated in response to an output from gate 46 and 
the 21A signal from AND gate 331 (FIG. 7) whereas 
AND gate 49a is operated in response to an output from 
gate 49 and the 34A signal from AND gate 32 (FIG. 7). 
Outputs from AND gates 46 and 49 are used to inhibit 
AND gates 345 and 346 and prevent the generation of the 
21 and 34 function signals (FIG. 7). The 21A signal 
(FIG. 7) is produced when the Ci count signal is present; 
the print bar is moving left, i.e. the BL signal is present; 
and the write pulse is generated. AND gate 46 (FIG. 8) 
produces an output in response to FF signal from flip 
flop 403; the output of switch 405 and the ZOSN signal 
from the B decoder 262. The FF signal is produced by 
flip-flop 403 when the print bar (FIG. 9) changes direc 
tion, i.e. the TA signal resets flip-flop 403. The ZOSN 
signal is produced whenever the value 010000 representa 
tive of the character type zero (p) in the offset portion 
of the fonts of the print bar 2A is in the B register 258. 
The 21A signal, which conditions AND gate 46a, indi 
cates that the print bar 2A is moving left and that a 
sprocket on the bar 2A has just been detected. This is true 
since the C1 count signal necessary to produce the 21A 
signal indicates that the counter 146 is going through its 
first cycle after the detection of a sprocket. An output 
from gate 46, which also conditions AND gate 46a, indi 
cates that the offset bar 2A is being used and that the 
representation of the zero character type from the offset 
portion of the font is in the B register 258. The generation 
of the 121 function signal by AND gate 46a indicates 
all the above conditions are present. In order for the above 
conditions to exist the character type P in the first font 
and sprocket S17 must be opposite column 2 of the record 
and head 34 and the representation of the next character 
in the font, i.e. zero from the offset portion, is stored 
in the start code register 206. Further the character type 
d) from the offset portion of the first font will be opposite 
column 5 of the record. At this point in the bar movement 
of print bar 2A a change of operation takes place. That 
is, when the next sprocket S18 is detected the character 
types on the bar 2A nearest the left edge of the record 8 
will line up with an odd column, i.e. column 3, instead of 
an even column, i.e. column 2. In particular, character 
types p through - (from the offset portion of the first 
font) will be lined up with columns 3, 5 etc. to column 27 
and the character types from the first portion of the first 
and second fonts will be lined up with the rest of the 
even columns of the record 8. Further, no character types 
are lined up with either column 1 or column 2 of the rec 
ord 8 at this time. 
As indicated above the output of AND gate 46 (FIG. 

8) prevents the 21 function signal (FIG. 7) from being 
generated at a C1 count when the representation for 
the offset zero type is in the B register 258. From the 
explanation previously given it will be understood that 
during the C1 count, the code representation from the 
start code register 206 representative of the character 
type approaching column 2 of the record is transferred 
to the D register 254 and then transfered to the adder 
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302 where a 1 is added to this representation before it 
is returned to the start code register 206. This addition 
operation takes place in response to the 21 function signal 
acting upon AND gate 274 which transmits the contents 
of register 282 (storing a plus 1) to the adder 302. The 
value just computed and stored in the start code register 
266 represents the character to be next printed in either 
column 1 or column 2 of the record 8 depending upon 
the direction of the bar movement. This operation just 
described cannot take place at this time because the 21 
function signal is not generated. Instead the 121 function 
signal is generated. This signal merely alerts AND gate 
288 (FIG. 6b) via OR gate 290 so that the contents of 
the D register 254 storing the value representative of the 
character type p in the offset font are transmitted un 
changed via the adder 302. AND gate 288 and cable 
289 back into the start code register 206. The 21 func 
tion signal as just explained is generated when the repre 
Sentation of the character type p from the offset font is 
in the B register 258 and the bar 2A is in the position 
indicated above. Accordingly, at this time the representa 
tion of the p character from the offset portion of the 
font is transmitted from the start code register 206 
through the D register 254 and the adder 302 back thereto 
unchanged. 
As the print bar 2A continues to move left the sprocket 

S13 will be detected by the read head 34. When sprocket 
S18 is detected the character (b. in the offset portion of the 
font Will be approaching column 1 of the record and the 
rest of the characters from this portion of the font will be 
approaching columns 3 through 33 of the record 8. The 
alphabetic characters from the first portion of the font 
beginning with the character type Q will be approaching 
even columns 36, 38 etc. 
As is explained below the generation of all of the 

character types on the bar 2A begins twice with the repre 
sentation of the letter (b from the offset portion of the font. 
This occurs when the letter (b from the offset portion of the 
font on bar 2A is approaching column 3 of the record 8 
and again when this letter approaches column 1 of the 
record 8. A sprocket detected (sprocket S17) when the 
character type b from the offset portion of the font is 
approaching column 3 must not cause the value in the 
start code register 206 to be changed. However, before 
the Sprocket S18 is detected, i.e. when the p character type 
is approaching column 1, the filip-flop 403 must be set so 
that this character representation may be changed and 
represent the character type 1 which will be the next 
character type to approach column 1 of the record. To 
this end AND gate 406 transmits a signal through OR gate 
402 to set flip-flop 403 and thereby remove the FF signal 
from AND gate 46. In particular, AND gate 400 is oper 
ated by the ZOSN signal, the BL signal from flip-flop 
92, the SS signal from flip-flop 116 and the C3 count 
signal. It will be recalled that the 121 function signal 
was produced in response to the ZOSN signal and a C1 
count signal when the representation of the letter d is 
stored in the B register 258 and detected by the decoder 
262. This same ZOSN signal is transmitted via AND 
gate 409 (FIG. 8) when the counter 146 reaches a count 
of C3. 
The 136 function signal produced by AND gate 49a 

(FIG. 8) serves a purpose similar to that of the 121 func 
tion signal. The 134 function signal is applied to AND 
gate 288 via OR gate 290 (FIG. 6b) as was the 121 func 
tion signal. Gate 49 (FIG. 8) controls AND gate 346 
(FIG. 7) and receives the FF signal, the 48/16 signal 
and the Q signal from the B decoder 262 (FIG. 6a). An 
output from gate 49 alerts AND gate 49a and inhibits 
AND gate 346 and prevents the generation of the 34 
function signal. The 34A signal, which also controls 
AND gate 49a, is produced during a C2 count from 
counter 146 when the print bar 2A is moving right. When 
the print bar 2A is moving right the representation for 
the character Q must be preserved in the start character 
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register 206 for the same reason as described in connec 
tion with the character (b when the print bar 2A was mov 
ing left. At this time the character type Q will be the 
character that can be printed in column 1 following the 
memory scan in response to the sprocket S35 and will 
also be the first character on the bar 2A which will be 
opposite column 3 of the record after the memory scan 
caused the detection of sprocket S34. Due to the space 
between the character types Q and - on the print bar 2A 
(FIG. 9) no character type will be adjacent column 1 of 
the record 8 when the character type Q can be printed 
in column 3 of the record 8. Since the character type Q 
(when the print bar 2A is moving right) is the character 
that can be printed in leftmost columns of the record 8 
twice (i.e. once in column 1 and once in column 3) the 
representation thereof must be used twice (from register 
206) in determining the place in the code from which 
to start generating all the codes for character types used 
during the scans of the memory following the detection 
of sprockets S35 and S34. 
The next function signals to be considered are the 

133 and 132 function signals which are produced by AND 
gates 45a and 48a respectively. Function signal 133 is 
used when the print bar 2A is moving left and function 
signal 132 is used when the print bar 2A is moving right. 
AND gate 45a receives the 33A signal from gate 336 
(FIG. 7) and the output of AND gate 45. Gate 45 
produces an output in response to the FF1 signal, the 
48/16 signal and the ZOSN signal. This output alerts 
AND gate 45a and inhibits AND gate 348 to prevent the 
generation of the 33 function signal (FIG. 7). The 33A 
signal is generated by gate 336 (FIG. 7) in response to 
the read pulse; the SS signal; the BL signal; and the C2 
count signal. The 133 function signal is therefore pro 
duced immediately after the 121 function signal discussed 
above and in the first cycle at a count of C2 after the 
sprocket, i.e. S17, has been detected. In the print opera 
tion following the memory scan associated with Sprocket 
S17 the character type gy (from the offset portion of the 
font) will be in line with column position 5; the character 
types 1 through - will be in line with column positions 
7 to 35 and the character types Q etc. from the first por 
tion of the font will be in line with the remaining even 
columns of the record. No character type will be oppo 
site column 1 of the record at this time. Accordingly, the 
memory scan associated with sprocket S17 must start with 
memory location 3 storing the character for column 3 
of the record 8 instead of memory location 1 or 2. To 
this end function signal 133 is transmitted via OR gate 
312 (FIG. 6a) and operates AND gate 226 which trans 
mits the address 3 (i.e. base address--2) into the D reg 
ister 254 via OR gate 252. Function signal 25 (see FIG. 
7) which is generated when the write pulse is produced 
during a count of C2 operates AND gate 250. AND gate 
250 transmits the contents of the D register 254 into the 
memory address register 202. The scanning of the memory 
200 will thus start from memory location 3 when the 
133 function signal is produced. 
A similar event occurs when the print bar 2A is mov 

ing right and the 132 function signal is generated by 
AND gate 48a (FIG. 8). This AND gate is rendered 
operative by the 32A signal from gate 335 of the matrix 
shown in FIGURE 7 and the output of gate 48. The 
32A signal is generated in a manner similar to the 33A 
signal just discussed except that it is generated when 
the print bar 2A is moving right. That is, the 32A signal 
is generated at a count of C2 during the first cycle of 
counter 146 following the detection of a sprocket. 

Gate 48 produces a signal responsive to the Set out 
put of flip-flop 403, the 48/16 signal and the Q signal 
from the B decoder 262. Flip-flop 403 is set by the out 
put of AND gate 401 which is applied thereto via OR 
gate 402. AND gate 401 operates during the C3 count 
immediately after a sprocket is detected when the print 
bar 2A is moving right and the character Q is detected 
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by the B decoder 262. This will be the first of the two 
times the code for the character type Q is used to deter 
mine the place in the order of characters from which 
to start producing all the code representations of the 
character types on the bar 2A. As previously explained, 
this occurs after sprocket S35 is detected and the charac 
ter type Q is approaching column 1 of the record 8. At 
this time, the scan of the memory 200 will start from 
memory location 1. However, during a C2 count follow 
ing the detection of the next sprocket, i.e. S34, gate 48 
produces an output which is applied to inhibit gate 347 
(FIG. 7) preventing the generation of the 32 function 
signal and is applied to gate 48a which produces the 132 
function signal. It should be appreciated that the memory 
Scan in response to sprocket S34 should begin at memory 
location 3 instead of memory location 1 (i.e. the base 
address). This is because no character types will be ap 
proaching column 1 of the record 8 and the character 
type Q will be approaching column 3. To this end the 
132 function signal is generated and applied via OR gate 
32 to operate AND gate 226. And gate 226 as before 
transfers address 3 from register 222 via OR gate 252 
into the D register 254. After this address is transferred 
to the D register 254 it is applied to the memory address 
register 202 via gate 250. The scanning of the memory 
200 will thus start from memory location 3 when the 132 
function signal is produced. 
The next function signais to be considered are the 233 

and 232 function signals which are produced by AND 
gates 47a and 50a, respectively. Function signal 233 is 
used when the print bar 2A is moving left and function 
signal 232 is used when the print bar 2A is moving 
right. AND gate 47a receives the 33A signal (FIG. 7) 
and the output of AND gate 47. AND gate 47 produces 
an output in response to the OSN signal from the B 
decoder 262 (FiGS. 6a and 10) and the 48/16 signal. 
The OSN signal is produced by AND gate 405 (FIG. 10) 
whenever any of the sixteen codes representative of a 
character type in the offset portions of the font on print 
bar 2A is in the B register 258. The output from gate 
47 not only alerts AND gate 47 a but also inhibits AND 
gate 348 (FIG. 7) to prevent the generation of the 33 
function signal. As explained before the 33A signal is 
generated by gate 336 (FIG. 7) when the C2 count is 
present in the cycle of counter 46 immediately after a 
Sprocket on the print bar 2A is detected as it is moving 
left. Therefore, gate 47a produces the 233 function signal 
at a count of C2 just after a sprocket is detected by read 
head 34 (FIG. 9) and a representation of one of the 
offset character types is in the B register 258. This occurs 
When any of the offset character types are approaching 
column 1 of the record 8. Normally, when the bar 2A 
is moving left and one of the character types from the 
first portion of the font is approaching column 2 of the 
record the scanning of the memory 200 starts in the first 
even location. That is, the 33 function signal is gener 
ated and causes the contents of register 216 (FIG. 6a), 
Storing address 2 to be transmitted via AND gate 238 and 
OR gate 252 into the D register 254 for later transfer 
into the memory address register 202 via AND gate 250. 
However, with the character type from the offset font 
approaching column 1 of the record 8, as the print bar 
2A moves left, the scanning of the memory 200 must 
Start from the first odd location (i.e. location 1 in the 
memory 200. To this end AND gate 47 generates a signal 
which inhibits gate 348 (FIG. 7) from producing the 
33 function signal and together with 33A signal causes 
AND gate 47a (FIG. 8) to produce the 233 function 
signal when the C2 count is produced by counter 146 
(FIG. 4). The 233 function signal is transmitted through 
OR gate 30 (FIG. 6a) and operates AND gate 340 which 
transmits the contents of register 214 storing address 1 
in binary form to the D register 254 via OR gate 252. 
This address is transferred to the memory address register 
250 in a manner previously discussed. Thus, the scanning 
of the memory will start from memory location 2 when 
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the print bar 2 is moving left and the 233 function signal 
is generated in response to the condition just described. 
A similar situation occurs when the print bar 2A is 

moving right and the 232 function signal is generated 
by AND gate 50a (FIG. 8). AND gate 50a is alerted by 
the 32A signal from gate 335 of the matrix shown in 
FIGURE 7 and the output of gate 50. The 32A signal is 
generated in a manner similar to the 33A signal just 
discussed, except that it is generated when the print bar 2A 
is moving right. AND gate 50 produces an output in 
response to the OSN signal from B decoder 262 (FIGS. 
6a and 10) and the 48/16 signal. As mentioned in con 
nection with the AND gate 47, the OSN signal is pro 
duced by AND gate 405 (FIG. 10) whenever any of the 
sixteen codes representative of a character type in the 
offset portion of the font is in B register 258. The output 
from gate 50 not only alerts AND gate 50a but also in 
hibits AND gate 347 (FIG. 7) to prevent the genera 
tion of the 32 function signal. As explained, the 32A 
signal is generated by gate 335 (FIG. 7) on a count of 
C2, in the cycle of counter 46 immediately after the 
sprocket on the print bar 2A is detected as the print bar 
2A moves right. Therefore, gate 50a produces a 232 
function signal at a count of C2 just after a sprocket 
is detected by read head 35 (FIG. 9) and a representa 
tion of one of the offest character types is in the B regis 
ter 258. This occurs, as the bar 2A is moving right when 
ever the offset character types are approaching column 
2 of the record 8. When the print bar 2A is moving right 
and one of the character types on the first portion of the 
tion of one of the offset character types is in the B regis 
font is approaching column 1 of the record 8 the scanning 
of the memory 200 starts from the first odd location (i.e. 
location 1 in the memory) in the memory 269. That is the 
32 function signal is generated and causes the contents of 
register 24 to be transmitted via AND gate 240 and OR 
gate 252 into the D register 254 for later transfer into 
the memory address register 202 via AND gate 250. 
However, with a character type from the offset portion 
of the font approaching column 2 of the record, as the 
print bar 2A moves right, the Scanning of the memory 
must start from the first even location (i.e. location 2) 
in the memory 20i. To this end AND gate 50 generates 
a signal which prevents AND gate 347 (FIG. 7) from 
producing the 32 function signal and together with the 
32A signal causes AND gate 50a to produce the 232 
function signal at the count of C2. The 232 function 
signal is transmitted through OR gate 217 (FIG. 6a) 
and operates AND gate 238 which transmits the contents 
of register 216 storing the address location 2 to the D 
register 254 via OR gate 252. This address is transferred 
to the memory address register 202 via AND gate 250. 
Thus, the scanning of the memory 200 will start from 
memory location 2, when the print bar 2A is moving 
right and the 232 function signal is generated in response 
to the condition just described. 

Finally the last function signal to be considered in this 
mode of operation is the 124 function signal generated 
by AND gate 44a. AND gate 44a receives the 24A signal 
from gate 338 (FIG. 7) and the output of gate 44. 
The output of AND gate 44 also inhibits AND gate 349 
(FIG. 7) to prevent the generation of the 24 function 
signal. 

Gate 338 (FIG. 7) as previously explained in connec 
tion with the first mode of operation produces the 
24A signal during every cycle of counter 146 at the 
count of C2 when the write pulse is present. Gate 44 pro 
duces an output in response to the 48/56 signal and the 
P- output signal from decoder 262 (FIGS. 6a and 10). 
The P- output signal from the B decoder 262 is generated 
whenever the representation of the character type P from 
the first portion of the font or the symbol - from the offset 
portion of the font is in the B register 258. 
From the explanation previously given it will be un 

derstood that when counter 146 (FIG. 4) produces the 
C2 count the address in the print buffer address register 
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208 is transferred to the D register 254. From there this 
address is transferred both to the memory address register 
202 and to the adder 302 (FIG. 6b). The transferred 
contents of the print buffer address register 208 in the 
memory address register 202 are used to address a loca 
tion in the memory 200, the contents of which are com 
pared with a representation of a character type on the 
print bar 2A when the counter 146 is stepped from a 
count of C2 to a count of C3. The contents of the print 
buffer address register 208 transferred to adder 302 are 
normally increased by 2 and transferred back to the print 
buffer address register 208 for use during the next cycle 
of counter 46. Function signal 24 causes AND gate 270 
(FIG. 6b) to transfer a value of 2 from register 278 to 
the adder 392 for this purpose. However, when the offset 
bar 2A is used and the P- signal is generated, function 
signal 24 is not produced and function signal 124 is pro 
duced in its place. 

Function signal 124 operates AND gate 281 (FIG. 6b) 
which transfers the value 3 to adder 302 at the same time 
the contents of the print buffer address register 208 are 
transferred via the D register 254 to the adder 302. The 
Sum produced which is representative of the next address 
to be accessed in memory 200, will be odd if the address 
from the register 208 is even and will be even if the 
address from register 208 is odd. 
As the print bar 2A is moving left addressing of the 

memory 200 for a Scan will start at an even address, i.e., 
location 2, if the character type on the print bar 2A ap 
proaching column 2 of the record, after the sprocket is 
detected by head 34, is from the first portion of the font 
as shown in FIGURE 9. During the memory scan that 
takes place after the sprocket is detected, each even 
location in the memory 200 is examined in order and 
compared with the representation of the character types 
on the print bar 2A. Character types proceeding the 
type gb and after the character type - (i.e. character types 
from the first portion of the font) will be lined up with 
even column positions of the record and character types 
from the offset portion of the font will be lined up with 
'odd columns of the record 8. The memory addressing 
during the Scan operation after each sprocket is detected 
follows the relationship of the character types on the 
print bar 2A to the column positions of the record 8. 
That is, wherever character types are lined up with even 
columns of the record, even memory locations storing 
characters to be printed in those columns will be ad 
dressed and wherever character types are lined up with 
Odd collinns of the record 3, odd memory locations stor 
ing characters to be printed in those columns will be 
addressed. For example, in the position that the print 
bar 2A is shown in FIGURE 9, the sprocket S2 is being 
detected and character types B to P in the first portion 
of the font are approaching even columns 2 to 30 respec 
tively, offset character types (b to - are approaching odd 
column positions 33 to 63 respectively and character 
types Q to - in the first portion of the font are approach 
ing even column positions 66 to 128 respectively. These 
character types will be in the positions indicated above 
When Sprocket S3 is detected. In the cycles of counter 146 
after Sprocket S2 is detected, 64 locations in the memory 
200 will be addressed and the contents of these locations 
will be compared to the representations of the character 
types on the print bar 2A. One location in memory 200 
and one comparison takes place during each such cycle. 
During the cycles in which the character types B through 
P are compared with the contents of the memory 200 
even locations 2 to 30 will be addressed. During the cycle 
that the character type P is being compared with the 
contents of memory location 30 the representation there 
of will be in the B register 258 and the B decoder 262 
will produce the P- signal. This signal as previously 
eXplained prevents a plus 2 from being added to the 
address of the memory just accessed (e.g. address 30) 
and causes a plus 3 to be added thereto to form a new 
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address (e.g. 33). This newly formed address is trans 
ferred back to the print buffer address register 208 and 
is used to access the memory during the next cycle when 
the character q from the offset font, approaching column 
33 of the record 8, is to be compared with the contents 
of memory location 33. In the cycle of operation in which 
the character is from the offset font is compared with the 
contents of a memory location the contents of register 
278 storing a plus 2 are used to form a new address. Con 
sequently, during cycles of counter 146 in which any of 
the representations of the offset character types are being 
compared (when the bar is moving left) odd locations 
in the memory 200 will be accessed. In this specific exam 
ple odd locations 33 to 63 in the memory are used. In 
the cycle of counter 146 in which the representation of 
the character type - from the offset portion of the font 
is in the register 258 the B decoder will again generate 
the P- signal. This signal, as before, causes the 124 func 
tion signal to be generated instead of the 24 function sig 
nal and accordingly even locations in the memory will be 
accessed during the cycles of counter 46 which follows 
and in which the character types from the remaining por 
tion of the first font are compared with the contents of 
the even locations in the memory 200. 

Function signal 124 will be generated twice for every 
scan in the memory, notwithstanding, the direction of 
the movement of the print bar 2A. 

If the print bar 2A is moving left and the character 
type, after (i.e. to the right of) the sprocket detected by 
head 34, is from the first portion of the font, addressing 
of the memory 200 will start in the even location and 
even locations in the memory 269 will be used during the 
cycles of counter 146 until the representation of the char 
acter type P is stored in the B register 258. When this 
occurs an odd location in the memory (which is three 
locations above the last address) will be used to address 
the memory and odd locations will be continued to be 
used until the character type - in the offset portion of 
the font is detected. Thereafter even locations will be 
used to address the memory 200 until the scan operation 
is completed. 

If the print bar 2A is moving left and the character type 
after (i.e. to the right of) the sprocket detected by head 
34 is from the offset portion of the font, addressing will 
start at an odd location and odd locations in the memory 
200 will be used during the following cycles of counter 
146, until the representation of the character type P is 
stored in the B register 258. When this occurs an even 
location in the memory which is three locations above 
the last address, will be used to address the memory and 
even locations will be continued to be used until the 
character type - from the offset portion of the font is 
detected. Thereafter odd locations in the memory 200 
will be addressed until the scan operation is complete. 

If the print bar 2A is moving right and the character 
type after (i.e. to the left of) the sprocket detected by 
head 35, is from the first portion of the font, addressing 
will start at an odd location and odd locations in the 
memory 200 will be used during the following cycles of 
counter 146, until the representation of the character 
type P is stored in the B register 258. When this occurs 
an even location, which is three locations above the last 
address used will access the memory, and even locations 
will be continued to be used until the character type - from 
the offset portion of the font is detected. Thereafter odd 
locations in the memory 200 will be accessed until the scan 
operation is completed. 

If the print bar is moving right and the character type, 
after (i.e. to the left of) the sprocket detected by head 
35 is from the offset portion of the font, addressing will 
start at an even location and even locations in the memory 
200 will be used during the following cycles of counter 
146 until the representation of the character type P is 
stored in the B register 258. When this occurs an odd 
location which is three locations above the last address 
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will be accessed and odd locations will be continued to be 
used until the character type - from the offset portion of 
the font is detected. Thereafter even locations in the 
memory will be accessed until the scan operation is 
completed. 

It will be recalled that a scan operation is ended when 
the MARA27 or MARE28 signals are produced. These 
signals are generated when memory locations 127 and 
128 are addressed. The MAR signals 127 and 128 are 
applied via OR gate iO (FIG. 4) to reset the scan flip 
flop 12. When the scan flip-flop 112 is reset AND gate 
142 can no longer transmit signals to the cyclic counter 
146. Therefore, the Scanning operation can no longer con 
tinue. It will be observed that the MAR129 signal also 
is applied to OR gate it and when generated will reset 
Scan flip-flop to end the operation of cyclic counter 146. 
The MAR129 signal is generated. The MAR129 signal 
will be generated whenever the location used to address 
the memory during a scan is 26 and the character type P 
(from the first portion of the font) or the symbol - (from 
the offset portion of the font) on print bar 2A is ap 
proaching column 126 of the record 8. In particular the 
MAR29 signal will be generated in the cycle of operation 
following the 1 in which memory location 126 was ad 
dressed and the print bar is in one of the positions 
indicated above. The MAR129 signal also inhibits AND 
gate 292 (FIG. 6b) and prevents the printing operation. 
The MARS 29 signal applied to gate 292 is necessary if 
the print buffer memory is a part of a large scale memory 
System storing data for other purposes. 
While the second mode of operation has not been 

described in detail it should be recognized that the print 
operation is similar to that described in connection with 
the first mode of operation using the scan print bar 2. 
The differences are mainly concerned with (1) keeping 
a count of the first character type representation which 
is to be generated during the scan of the memory 200; 
(2) determining the first location in the memory 200 
to be addressed; and (3) insuring that the scan of the 
memory 200 follows the relationship of the character type 
on the bar 2A with the columns of the record 8. 
The function signals 121 and 34 are generated when 

necessary to control the apparatus of FIGURE 6 to 
accomplish the operation specified in (1) above; function 
signais 133, 233, 32 and 232 are generated when neces 
Sary to accomplish the operation specified in (2) above; 
and function signal 124 is generated when necessary 
to accomplish the operation specified in (3) above. 

In the final mode of operation to be discussed the print 
bar 2A of FIGURE 9 is again used but only the character 
types in the offset portion of the font and the correspond 
ing characters from the first portion of the fonts are 
printed. That is, only character types d through 
9 S , . / * and - from the offset and first portion of the 
fonts will be printed. In this mode of operation characters 
are printed in both the even and odd columns of the 
record 8 as the print bar 2A moves either left or right. 
A complete line of the message is printed on the record 
8 in one Sweep in either direction of the bar 2A across 
the record 8. 
The operation of the printing mechanism in this mode 

is controlled by the function signals from the matrices 
of FIGURE 7 and FIGURE 8 in substantially the same 
manner as previously described. Only the differences in 
operation will be treated. 
To initiate this mode of operation, flip-flop 404 is set 

by a signal from an external source such as a computer 
(not shown) in response to an instruction indicating that 
only the characters specified above, which are essentially 
numeric, are to be printed. When set flip-flop 404 gen 
erates the NUM signal and the NUM signal is removed. 
Only gates 4i, 42 and 43 in FIGURE 8 are affected and 
the signals from these gates will be the only ones to be 
discussed in detail. 
When flip-flop 404 is set gate 4A will no longer receive 
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the NUM signal and will not produce an output. Hence, 
the inhibition signal selectively produced by gate 41 no 
longer controls AND gate 292 (FIG. 6b). Instead of the 
NUM signal produced at the set output of flip-flop 404 
alerts AND gate 42 which selectively inhibits AND gate 
292. In addition to being controlled by the NUM signal, 
AND gate 42 also receives the AA (any alphabetic) 
output signal from B decoder 262 (see FIGS. 6a and 10). 
OR gate 4:1 (FIG. 10) of B decoder 262, as previously 
indicated, produces the AA output whenever the codes 
for the character types A through P; Q through Z, 96 (G) 
it & D and z from the first or alpha-numeric portion 
of the fonts are stored in the B register 253. Thus, AND 
gate 292 (FIG. 6b) will be inhibited when the offset bar 
2A is used in this mode when any of the codes for the 
character types A through P; Q through Z. etc. are in the 
B register 258 for comparison with the representations of 
the characters of the message transferred from the mem 
ory 200 to the D register 254. Since gate 292 controls 
the firing of the print hammers of FIGURE 2 via AND 
gates 296-1 to 296–64 and flip-flops 298- to 298-64 
(FIG. 6b), none of the aforementioned characters of 
the first portion of the fonts can be printed in this mode 
of operation. 
AND gate 43 produces the 128 function signal in re 

sponse to the NUM signal from flip-flop 464 and the 
OSN signal from the B decoder 262 (FIGS. 6a and 10). 
The OSN signal is produced by AND gate 405 (FIG. 10) 
for each of the sixteen codes having the values 00000 
to 0.11111. These sixteen codes are representative of the 
sixteen character types in the offset portion of the fonts 
on the print bar 2A. From FIGURE 9 it can be seen that 
the sixteen character types p through 9 $ , . / * and - in 
the first portion of the font (see for example character 
types opposite even columns 100 etc. on FIGURE 9) are 
identical to the sixteen character types in the offset por 
tion of the fonts (i.e. those character types opposite odd 
columns 35 to 65). The codes for these sixteen character 
types in the first portion of fonts have binary values which 
range from 110000 to 111111. From the foregoing it can 
be seen that the codes for these two sets of character 
types vary only in the sixth bit position. That is, the codes 
for the offset character types p to have a “0” bit in the 
sixth position and the codes for the character types p to 
- in the first portion of the font have a “1” bit in this posi 
tion. However, the representation of these characters p 
to - must be constant in memory 200. Arbitrarily the codes 
110000 to 111111 represent these characters p to - at 
the output of the translator 212 (FIG. 6a). 
The 128 function signal is applied to inhibit AND gate 

264-6 (FIG. 6b) which transmits the sixth bit of the ones 
complement of the character type representation in the B 
register 258 to the adder 302 via OR gate 263. The ones 
complement of values representative of the offset character 
types p to - have a “1” bit in the sixth position and the 
ones complement of the values representative of the char 
acter types p to - from the first portion of the fonts has a 
'O' bit in that position. The 128 function signal applied 
to AND gate 264-6 prevents the “1” bit in the sixth bit 
position of complemented codes for the offset character 
types from being transmitted to the adder 302 and instead 
causes a “0” bit to be transmitted in this position. There 
fore, the 128 function signal converts all the codes rep 
resentative of the character types p to - from the offset 
portion of the fonts into codes which are identical for 
similar character types in the first portion of the fonts. 
Accordingly, representations for characters p through - 
from the message stored in memory 280 as they appear 
in the D register 254 may be compared with representa 
tions of character types p to - from either portion of the 
print bar 2A. This conversion is necessary since a charac 
ter of the message may be printed in a column of the 
record 8 by either the character types from the offset 
portion or the first portion of the fonts on print bar 2.A. 
The operation in this mode is commenced as before, that 
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is, in response to a print order applied to the input of AND 
gate 104 (FIG. 4). When the turnaround signal (FIG. 4) 
is produced, print flip-flop 66 (FIG. 4) is set which in 
turn applies a signal via AND gate 68 to set the scan flip 
flop. 12. Each sprocket detected by one of the read heads 
34 or 35 (FIG. 9) causes the cyclic counter 46 to cycle 
64 times. As before in each cycle, 64 memory locations 
are addressed and the contents thereof are compared with 
the representations of the character types approaching 
various column positions of the record 8. The addressing 
of the memory and the generation of the codes represent 
ing character types on the print bar 2A are controlled by 
the function signals previously described in connection 
with EIGURES 7 and 8. 
From the description given in connection with FIGURE 

8 it will be appreciated that both odd and even locations 
in the memory 209 will be addressed after each sprocket 
is detected, notwithstanding the direction of movement of 
the print bar 2.A. Further it will be understood that char 
acters from even locations in the memory 200 will be 
compared with the representations of character types ap 
proaching even columns of the record 8 and characters 
from the odd locations will be compared with representa 
tions of character types approaching odd columns on the 
record 8. Whenever comparison is obtained an appropri 
ate one of the flip-flops 298- etc. is set. The next sprocket 
detected causes a new memory scan and a fire pulse to 
be produced by gate E18 which resets those flip-flops 
298-E etc. which have been previously set. The flip-flops 
298-, etc., which have been reset, operate selected print 
hammers (FIG. 2) and printing takes place in both the 
odd and even columns of the record 8. Since printing in 
even and odd columns of the record 8 occurs after each 
sprocket is detected, the entire line is printed in one sweep 
of the print bar 2A, that is after the print bar 2A has com 
pletely moved left or right. Accordingly, the printing of a 
line of a message comprising the characters p to - can 
be done at twice the rate for printing a line of a message 
which includes alphabetic characters. More generally the 
printing of this selected group of characters from the off 
set portion of the print bar 2A and the corresponding 
characters from the first portion of the font can be done 
at twice the rate for printing characters which appear only 
in the first portion of the font on print bar 2A or which 
appear on the first or standard print bar 2 (FIG. 3). 
The print operation is ended in this mode after one 

sweep of the print bar 2A. To this end the NUM signal 
from flip-flop 404 is applied via OR gate 121 to the set 
input of flip-flop. 122 (FIG. 4). The NUM signal is applied 
at the beginning of the print operation prior to the genera 
tion of the turnaround signal (TA) by the resettable de 
lay flop 96 (FIG. 4). When the last scan of the memory 
200 is to take place, either the LC or FC signal from the 
B decoder 262 will be generated. In particular if the print 
bar 2A is moving left, the representation of the symbol - 
(last character in the font) will be stored in the B register 
258 when the counter 146 is at a count of C1 in the cycle 
of operation immediately after the detection of sprocket 
S65 by head 34 (FIG. 9). At this time the bar 2A has 
almost completed its leftward motion and gate 95 (FIG. 
4) which is operated by the LC signal transmits a signal 
via OR gate 97 to reset the run flip-flop 91. The run signal 
produced by flip-flop 91 in response to a reset input is ap 
plied to condition AND gate 120 (FIG. 4). The next 
sprocket to be detected, i.e. sprocket S66, causes a signal 
to be transmitted from amplifier 82 (FIG. 4) to another 
input of AND gate 120 via elements 00, 502 and trail 
ing edge detector 14. This signal is passed through gate 
120 to the input of AND gate 140 which is conditioned 
by the set output of flip-flop. 122. AND gate 140 transmits 
a pulse to reset flip-flop. 106 (FIG. 4) and end the print 
operation. However, if the print bar 2A is moving right the 
character representation for the character type A (first 
character in the font on print bar 2A - FIG. 9) will be 
stored in the B register 258 when the counter 146 is at 



3,390,630 
47 

a count of Ci in the cycle immediately after the detec 
tion of sprocket S2 by read head 35. At this time the print 
bar 2A has almost completed its rightward motion and 
gate 93 will transmit a signal via OR gate 97 to reset the 
run flip-flop 9. The rin signal produced by flip-flop 95. 
is applied to condition AND gate 20 (FIG. 4). The next 
Sprocket detected, i.e. sprocket SE, causes a signal to be 
transmitted from amplifier 82 to the input of gate 20 via 
elements 98, 162 and 14. This signal is passed through 
AND gate 25 to the input of AND gate 46 which as 
noted before is conditioned by the set output of the flip 
flop 5.22 as soon as the print operation is started. Again 
AND gate 40 transmits a pulse to reset the print flip-flop 
i86 and ends the operation after the print bar has swept 
across the record 8 only once. 
The embodiments of the invention in which an ex 

clusive property or privilege is claimed are defined as 
follows: 

1. In a device for printing characters upon a record 
having a plurality of character receiving columns the 
combination comprising a type carrier adapted to trans 
late character types arranged in groups across the 
columns of Said record in a line, wherein each character 
type on said carrier is separated from an adjacent charac 
ter type by at least the width of one of the character re 
ceiving columns of the record, a first group of character 
types are disposed in a first predetermined columinar ar 
rangement with respect to said record and a second group 
of character types are disposed in a second predetermined 
columnar arrangement with respect to said record during 
a first interval of time and said first group of character 
types are disposed in said second predetermined columnar 
arrangement with respect to said record when said sec 
ond group of character types are disposed in said first 
predetermined columnar arrangement with respect to 
Said record during another interval of time. 

2. Apparatus for printing characters in columns on a 
record including a type carrier and means for moving 
Said type carrier orthogonally with respect to the columns 
of a record, Said carrier comprising an elongated member 
having a single line of character types arranged in groups 
positioned along the length of said carrier so that be 
tween said character types in each of the groups there is 
a first space having a predetermined area and between 
adjacent character delineating separate groups on said 
carrier there is a second space having a predetermined 
length which is Substantially an integral number of times 
the area of said first space. 

3. The apparatus defined in claim 2 wherein said first 
space is Substantially equal to that required for printing 
a character on a record and said second space is substan 
tially equal to that required for printing two adjacent 
characters on said record. 

4. The apparatus defined in claim wherein each 
group of character types includes a plurality of different 
types distributed in a line wherein character types in the 
first group of the set are adjacent one another and charac 
ter types of the Second group of the set are adjacent 
one another. 

5. The apparatus defined in claim 4 wherein the charac 
ter types of one of the groups of the set are distributed 
on either side of the character types of the other group 
on said type bearing means. 

6. In an apparatus for printing a plurality of charac 
ters in a plurality of character spaces across the width 
of a record, a print means comprising: type bearing 
means mounted for movement across said character 
spaces, Said type bearing means having a plurality of 
groups of character types disposed on a surface there 
of, wherein each character type on said carrier is sepa 
rated from an adjacent character type by at least the 
width of one of the character receiving columns of the 
record, a first group of character types are disposed in 
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a first predetermined columnar arrangement with re 
Spect to Said record and a second group of character types 
are disposed in a second predetermined columnar ar 
rangement with respect to said record during a first inter 
Val of time and said first group of character types are 
disposed in said Second predetermined columnar arrange 
ment with respect to said record when said second group 
of character types are disposed in said first predetermined 
columnar arrangement with respect to said record dur 
ing another interval of time, drive means coupled to 
Said type bearing means to move said type bearing means 
alternately in a first and second direction across said 
character spaces; a plurality of selectively operable print 
hammer means, corresponding in number to one-half of 
Said character spaces, each print hammer means being 
disposed adjacent the interspace between adjacent ones of 
Said character spaces and having a print hammer face 
capable of spanning the two character spaces adjacent 
thereto; and Selection means coupled to said print ham 
ner means to Selectively operate said print hammer means 
When a desired character type is aligned with a desired 
character space whereby said record means is imprinted 
by Said desired character type at the desired character 
Space in response to the operation of said print hammer. 

7. The apparatus defined in claim 6 further including 
means controlled by said type bearing means and coupled 
to said Selection means for rendering said selection 
means operable at selected times to operate said print 
hammer means when said first group of the character 
types on Said type bearing means are disposed in said 
first predetermined columnar arrangement with respect to 
Said record, said Second group of character types on said 
type bearing means are disposed in said second predeter 
nied columnar arrangement with respect to said record 
and Said type bearing means is moved across said character 
Spaces in a first direction and to operate selected ones 
of said print hammer means when said first group of 
the character types are disposed in said second prede 
termined columnar arrangement, said second group of 
Said character types are disposed in said first predeter 
mined columnar arrangement and said type bearing means 
is moved across said character spaces in a second direc 
tion. 

8. Apparatus for printing characters in columns on a 
record including a type carrier and means for moving 
Said type carrier orthogonally with respect to the columns 
of a record, said carrier comprising an elongated mem 
ber having a single line of character types arranged in 
groups positioned along the length of said carrier so that 
between said character types in each of the groups there 
is a first space having a predetermined area and between 
the last character type of one group and the first charac 
ter type of the next adjacent group on said carrier there 
is a Second space having a predetermined area which is 
Substantially an integral number of times the area of 
Said first space. 
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